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J}iaeoveriea, Settletnenta, Coloniea, The Mevolution, Ihe nation, 

and The Civil War and it a eonaeqtiencea. 

3. The work is arranged in short aenteneea, so that the substance of 
each may be easilv comprehended. 

4. The moat important eventa are indicated in the text by licaTjr- 
faeed letter. 

5. Vull Queationa are framed for ererj verse. 

6. Jl Fronouneing Vocabulary is Inmished in foot-notes wherever 
required. 

7. A Brief Synonaia of topics is eiven at the close of each aection, 

8. An Outline History of IMPOBTANT EVENTS is given at the close 
of every chapter, 

9. The work is profuaely illuatrated by Maps, Charts and Plans ex- 
planatory of the text, and by careftiUy-drawn pictures of objects and events. 

Lossing^s Common School History^ 888 pages. Price 
$1.75. dontaining the National Constitution, Declaration of 
hidependence, Biographies of the Presidents, and Questions. 

This work is arranged in six chapters, each containing the record of an im- 
portant period. The First exhibits a general view of the Aboriginal race 
who occupied the continent when the Europeans came. The Second is a 
record of all the IHaeoveriea and preparations for settlement made by indi- 
viduals and governments. The Third delineates theproffress of all the Settle- 
tnenta until colonial governments were formed. The Fourth tells the story 
of these Coloniea ftom their infhncy to maturity, and illustrates the continual 
development of democratic ideas and republican tendencies which finnlly 
resulted in a political confederation. The Fifth has a full account of the im- 
portant events of the War for Independence ; and the Sixth gives a con- 
cise History of the Republic Uom. its formation to the present time. 



These books are designed for different grades of pupils, and adapted to the 
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valuable in training and edncating the youth of our country* 



THE 



^ 



ELEMENTS 



OF 



ARITHMETIC, 



FOR 



INTERMEDIATE, GRAMI^AR, i^ND COMMON SCHOOLS; 



IN WHICH 

THE ANALYTICAL FB0CESSE8 KNOWN AS MENTAL ARITHMETIC ARE ASSIMILATED 
AND INCORPORATED WITH THE MORE MECHANICAL AND FORMAL PRO- 
CESSES CALLED WRITTEN ARITHMETIC, THUS AFFORDING IN 
ONE BOOK A SUFFICIENT AMOUNT OF THEORETICAL 
AND PRACTICAL ARITHMETIC FOR A GOOD 
ENGLISH EDUCATION. 



By EDWARD OLNEY, 



PROFESSOR OF MATHEMATICS IN THE UNIVERSITY OF MICHIGAN, AND AUTHOR 
OF A SERIES OF MATHEMATICAL TEXT-BOOKS. 



NEW YORK: 

Sheldon & Company, 

1875. 



EcLct^ T tllf, 7 5". 6^ 

OLNEY'S MATHEMATICAL SERIES 



EMBRACES THE FOLLOWING .BOOKS. 



^rimafy jirithmetic, 

Elements of Arithmetic, 

Teache7*^s Hatid^^ook of 

ArithmetfC€il £!xe7^cises, 

(In Press.) 

Science of Arithmetic, 

(Id Press.) 
Send for Aill Circular of Olney^s Arithmetics. 

lutrodtectiou to Algebra, 

Complete School Algebra, 

Jiey to Complete School Algebra^ 
University Algeb^'a, 

A'ey to University Algebra, 
'Jest Examples in Algebt'a, 
Elements of Geometry, 

(Separate.) 
Elements of T7*igono7netry, 

(Separate.) 

introdiectio?i to Geometry, l^art I, 

(Boand separate.) 
Elements of Geometry and Trigo7iometry, 

(Bound in one Vol.) 

Geometry and Trigotiometry, 

(University Edition.) 

Gene7Yfl Geometry and Calctiltis. 



Copyright, 1^75, Sheldon & Co. 



Electrotyped by Smith & McDougal, 82 Beekman St., N. Y. 



HARVARD COLLEGE LIBRARY 
FROM THE GIFT OF 

OMARLES Ht:. ' ' ' T'-i_'R3ER 

MAR 5 1326 



PREFACE. 



FELLOW TEACHERS, can we not contrive to teach Aritlimetic 
so as to leave some time in our Pablic School course for some- 
thing else? Do we need Two Species of Aritlimetic? Is it abso- 
lutely necessary that pupils go through from four to six dif!erent 
volumes to obtain a respectable knowledge of this subject? If we 
must continue to take one-third of the time spent in school, for 
eight or ten years, to teach the Arithmetic which is necessary to a 
^ood English Education, my attempt in preparing this volume is 
futile, and you need read no further. But, if you agree with me, 
that after a child has learned to count and knows the elementary 
combinations of the digits, i. e., the Addition, Subtraction, Multipli- 
cation, and Division Tables, he can learu all the Arithmetic, of all 
kinds, mental, written, theoretical, practical, philosophical, com- 
mercial, etc., etc., that is necessary to a good common school edu- 
cation, or that is consistent with a well-balanced course, by pur- 
suing Arithmetic as one of his studies for Three Tears, then please 
examine the following pages. 

In Graded Schools this book will follow the Author's Primarv : 
but it is so constructed that it may be used alone with entire satis- 
faction in our rural or district schools, where but a single book is 
practicable. It contains all the Arithmetical topics which can prop- 
erly or profitably be included in a common school course. (See 
" Contents.") 

There is no important process of analysis usually given in our 
Mental Arithmetics, which is not to be found in this treatise, but 
not in detached places. The analytical methods of our old mental 
arithmetics have been assimilated and made the foundation of the 
more mechanical and formal methods which have been called 
Written, or Practical Aritlimetic. 

The plan of the book recognizes the growth in mental power 
which ought to be presumable in the three years during which this 
subject will constitute one of the pupil's studies in school. There 
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are Three Stages of mental development which we do well to mark 
in our elementary teaching : 

1. Tlie earliest stage, — in which the faculties chiefly exer- 
cised are observation, (perception), and memory. At this stage the 
pupil is not competent to formulate thought, nor to derive benefit 
from abstract, formal statements of principles, definitions, or pro- 
cesses. 

2. An intermediate stage, — in which the reasoning fac- 
ulties (abstraction, judgment) are coming into prominence. At this 
stage the pupil needs to be shown the truth so that he has a clear 
perception of it, before he is presented with a formal, abstract state- 
ment. But the work is not concluded until he can state the truth 
(definition, principle, proposition, rule) intelligently, in good Ian- 
guage, and in general (abstract) terms. 

3. The ultimate stage,— or that in which the mental powers 
are so matured and trained that one is competent to receive truth 
from the general, abstract, or formal statement of it. At this stage, 
definitions, principles, propositions, and statements of processes 
may be given first, and illustrated, demonstrated, or applied after- 
ward. 

The period covered by the study of this book is presumed to be 
the second, and an entrance ui)on the third. Hence, in the first 
part, all definitions, principles, and rules folloio an inductive pro- 
cess of which they are a condensed statement. At first, no more 
formal demonstrations are given than are included in these induc- 
tions (see Fundamental Rules). But, as we proceed, the inductions 
are less extended, and the formal demonstrations are more relied 
upon (see Common Fractions); until, finally, the inductions are- 
dropped entirely (see Denominate Numbers, et sq.), and the for- 
mal statement is made at the outset and followed by the appro- 
priate illustration, application, or demonstration. 

Again, at first, the pupil is not presumed to be capable of making" 
definitions, or rules ; but, as he proceeds, he is occasionally required 
to write the rule for himself (in subordinate cases first), and, finally, 
to write both rule and demonstration in due form, after the subject 
has been fully developed (see pp. 139, 143, 152, 221, 294). And 
still again, some subjects are treated exclusively upon the analyti- 
cal method used in our mental arithmetics, without any allusionEr 
whatever to formal rules and demonstrations (see pp. 240-244, 271- 
275, 275-278). Thus that variety of discipline is secured which is 
indispensable to good training. 

Few rules, and these of a comprehensive, practical character, is a 
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motto which has been closely adhered to. (See Common Fractions, 
Denominate Numbers, Business Rules, etc.) 

While the book furnishes an unusually- large number of exer- 
cises, for both oral and written work, a Tectcher^s Hand-Book of 
Arithmetical Exercises will accompany it, which will be found to 
furuish abundant exercises for mental (oral) and written drill in the 
class-room, as well as afford means from which the teacher can draw 
in extending the several topics, when he has classes which make 
this desirable. 

It is the Author's opinion that as many answers are given in the 
text as are compatible with the best results in teaching ; neverthe- 
less, the book can be had with the remaining answers in an Appen- 
dix. 

As this book does not assume to be a philosophical, scientific 
treatise, no attempt is made at Synoptical Analyses. These must be 
based upon a philosophical treatment, or be caricatures. Yet, uot- 
withstanding this practical character of the work, it will be found 
that the several subjects presented are thoroughly analyzed, and 
that no principle or process is given but what is accompanied with 
a thoroughly logical exposition. The same principle which has 
given form to other members of this series will be found to have 
moulded this; viz., that it is of far more importance that a pupil be 
trained to think, than thai he become simply expert in solving prob- 
lems, 

A specimen Teachefi's Analysis will be found on the next page. 
It is g^ven as an illustration of what the Teacher needs to fix in his 
mind, as a basis for questioning the class, or for teaching the sub- 
ject. It is not deemed necessary to extend this further than through 
one chapter, since the several steps in the development of any sub- 
ject can be readily observed from the text itself. 

Thus have I attempted to put in compact form a thoroughly 
practical and at the same time a logical exposition of the elements 
of Arithmetic, in the full belief that by such a treatment a better 
knowledge of Arithmetic can be attained, in much less time, and at 
less cost for books, than has been done by the methods which have 
prevailed for years past. Whether I have been successful or not, 
the judgment of my fellow-teachers, and the test of the class-room 
must determine : to these I hopefully commend the book. 

EDWARD OLNEY. 
Anw A^sob, June l, 1975, 
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TEACHER'S ANALYSIS. 



SUBJECT OF CHAFTEB.— Fundamental Frinciples and Bules. 

SECTION L— Reading numbers is tanght in Four Steps, 
First Stbp. What numbers and figures are. 
Second Stbp. How numbers are grouped. 

Third Stbp. To read numbers represented by two or three figures each. 
Fourth Stbp. To read numbers represented by more than three figures each. 

SECTION n.— Writing numbers is taught in Three Steps. 
First Stbp. To write any number less than 10. 
Sbcond Stbp. To write any number less than 1000. 
Third Stbp. To write any number whatever. 

SECTION m.— Addition is taught in Six Steps. 
First Step. To add a number not exceeding 9 to a greater or equal number 

not exceeding 9. 
Second Stbp. To add a number not exceeding 9 to another less than itself 
Third Step. To memorize the Addition Table. 
Fourth Step. To add a number represented by one figure to one represented 

by two figures. 
Fifth Step. To add a column of figures. 
Sixth Step. To add numbers represented by several figures each. 

SECTION IV.— Subtraction is taught in Three Steps. 
First Step. To ascertain the remainde/when any number represented by one 

figure is taken A>om one not less than itself, but less than itself + 10. 
Second Step. When minuend and subtrahend are each represented by several 

figures, and no figure in the subtrahend exceeds the figure in the same 

order in the minuend. 
Third Step. When there are figures in the subtrahend which exceed those of 

the like orders in the minuend. 

SECTION v.— Multiplication is taught in Six Steps. 
First Step. To ascertain the product when any number not greater than 12 is 

multiplied by any number not greater than itself. 
Second Step. To ascertain the product when any nnmber not greater than 12 

is multiplied by any number greater than itself, but less than 12. 
Third Step. Three Principles on which the general problem is based. 
Fourth Step. When multiplicand has several figures, and multiplier but one. 
Fifth Step. When the factors are represented by several figures each. 
Sixth Step. When there are O's at the right of both fectors. 

SECTION VI.— Division is taught in Seven Steps. 
First Step. Definitions and how to make the Division Table. 
Second Step. Two fbndamental principles. 
Third Step. Short Division. 

Fourth Step. To find how many times a large divisor is contained in a num- 
ber less than 10 times itselfl 
Fifth Step. Long Division. 
Sixth Step. To divide by 10, 100, 1000, etc. 
Seventh Stsp. To divide by a composite unmbec 
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CHAPTER I. 

FUNDAMENTAL PRINCIPLES AND RULES. 




SECTION I. 

READIJVO JVUMSERS. 

BTRST STEP. 
What Numbers and Figurea are. 

1. How many ones are there in three ? 
3. How many units are there in three? 

3. How many ones are there in eight? How many nnits? 

4. How many ones are there in six ? How many units ? 

5. How many anits are there in ten ? 

6. Ask the laat question without nang the word units. 

1. A Unit is one. 
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1. How many blocks are there in the pictnre? 

3. What number of blocks are there in the picture ? 

3. How many blocka has the girl ? 

4. What number of blocks has the girl ? 

5. What number of blocks has the boy ? 

6. Ask this question without using the word number. 

7. How many blocks has the teacher ? 

8. Ask the last question and use the word number. 

9. What number of girls are there in the picture ? 

10. Ask this question without using the word number. 
2. Number is an answer to the question. How many ? 

A unit, or any collection of unite, is a number. 

11. Is six a number ? Why P 

Answer. Sii is a number because it is an answer to 
tiie question, How many ? 

12. Is fifteen a number? Why? Isoneanumber? Why? 



3. Figrures are characters used to r^resent numbers. 
There are ten figures, viz., 

0, 1, B, 3, 4> 5, G, 7, 8. 9. 
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4. The last nine of these figures are called Digits, 
and the first, 0, is called Zero, or Cipher. 

5. The name of any digit, and the number -of units 
■which it represents are the same : thus, 1 is called one and 
represents one; 2 is called two and represents two; 3 is 
called three and represents three, etc. 

6. The Value of a figure is the number which it 
represents. 

jE^a:. What is the value of 8 ? Of 6 ? Ofl? Of7? 

7. Zero, 0, is an auxiliary* character, and in itself 
has no yalue. When it stands alone it signifies naught, or 
nothing ; that is, no number. 

The digits are often called Significant Figures, because 
they signify something, that is, some number, when stand- 
ing alone. 

To Read a Number represented by a Single Figure. 

8. !Riile.t — Simply pronounce the name of the figure. 

Reason. — The reason for this rule is that the names of the fig- 
ures and the numbers which thej represent are the same (5). 

Bx. Give the names and the values of the following: 7, 
1, 2, 0, 6, 0, 4, 0, 5, 9, 0, 7, 3, 2, 8, 0, 6, 7, 8, 9. 



For a proper illustration of the following lesson 1000 
counters will be needed. These can be cut from any 
bright-colored card-board, and should be about half an 
inch in diameter. Buttons will answer. Splints may also 
be used. 

* Auxiliary means helping. The character is called an auxiliary character 
because it hdpa the digits in representing certain other numbers, as 10, 100, 80, 
205, etc. 

t The teacher should explain what is meant by a Sule, It is not thought ad- 
Tlsable to give a formal definition at this point 



PUNDAMEXTAL PRINCIPLS8. 

SECOND STKP. 
How Numbers are Grouped. 




1. Here are three children putting up coimters in pack- 
ages. The girl at the right is Mary. She is putting them 
up in packages, as the doctor puts up powders. She puts 
up ten counters in each package. 

The boy, George, puts up larger packages. He puts ten 
of Mary's packages in one of hia See what a pile he has 
at his right. 

The other girl is Jane. She is putting up George's 
packages into bundles, with ten of George's packages in 
each of hers. What large packages Jane makes I 

3. How many counters are there in one of Mary's pack- 
ages? What, then, are Mary's packages ? ^Mswer, Tens. 

3. How many tens are there in one of George's pack- 
ages? 

How many single counters are there in one of George's 
packages ? 
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What, then, are George's packages? Answer, Hun- 
dreds. 

4 How many packages of hundreds are there in one of 
Jane's packages ? We call ten hundreds a thousand. 

What, then, are Jane's packages ? 

5. How many units * make one ten t 

6. How many tens make one hundred f 

7. How many hundreds make one thousand t 

8. How many hundreds are there in a thousand ? 

9. How many tens are there in a hundred ? 
10. How many units are there in a ten ? 

9. Numbers are grouped into tens, and this way of 
grouping them is called the Decimal System. 

Decimal means by tens; so that Decimal System means 
a system by tens. 

Principle. 

10. When figures are written side by side, like the letters 
of a word, and without any other marks, the right-liand 
figure represents units, the next one teks, and the next 

HUNPBEDS. 

1. In 485 which figure represents units ? 
Which figure represents tens ? 

Which figure represents hundreds? 

2. In 485 which figure represents the packages of count- 
ers which George puts up ? What are these ? 

Which figure represents the packages which Mary puts 
up ? What are these ? 
Which figure represents single counters ? 



♦ It will be beet to confine the use of the word units to its primary significa- 
tion. To introdace the idea of units of different ordere wiU only conftiee. 
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3. In 728 which figure represents hundreds? How 
many hundreds does it represent ? 

Which figure represents tens ? How many tens ? 
Which figure represents units ? How many units ? 

4. Name the hundreds, tens, and units represented in 
467. This is done thus : 4 hundreds, 6 tens, and 7 units. 

5. Name the hundreds, tens, and units in 582. In 741. 
In 777. In 981. In 222. In 111. In 342. 



TBCIIir) STEP. 



JReading Numbers represented by Two or Three 

Figures. 

1. How many units, and how many tens are represented 
by 11? 

So 11 is ten and one more, or ten and one left. We call 
it eleven^ which means one left ; that is, one left after ten. 

2. How many units and how many tens are 12 ? 

So 12 is ten and 2 more, or ten and ttvo left. We call 
it twelve, which means two left ; that is, 2 left after ten. 

3. How many units, and how many tens are 13 ? 

We call 13 thirteen; which means 3 and ten, thir being 
a contraction for three, and teen meaning ten. 

4. How many units, and how many tens are 14 ? 
We call 14: fourteeUy that is, four and ten. 

6. How many units, and how many tens are 15 ? 

We call 15 fifteen, the fif being a contraction torfivej 
and the teen meaning ten. 

6. How many units, and how many tens are represented 
by each of the following— 16, 17, 18, 19 ? 



READING TWO FIQURE8. 7 

To Read a Number represented by two Figures when the left 

hand figure is 1. 

11. Sule. — If represented thus^ 10, read teit, since one 
in the second place means one ten (10). 

If represeyited thuSj 11, read eleven. 

If represented thus^ 12, read twelve. 

In all other cases pronounce the number in units place 
first and then say teek — a contraction for ten; observing 
to contract three to TBiRyfive to fif, and eight to eigh. 

7. Eead the following, telling what the word for the 
number means : 

13, 17, 16, 11, 15, 14, 12, 10, 18, 19. 

8. In reading the numbers from 10 to 19, which do you 
name first, the tens or the units ? 



1. How many tens, and how many units are represented 
by 20 ? Answer, Two tens and no units. So 20 means 
2 tens. 

2. How many tens, and how many units does 30 repre- 
sent ? Then how many does 30 represent ? 

3. Instead of reading 20 two tens, as we might, we read 
it twenty, the twen meaning two, and the ty, tens. So 30 
is read thirty. What does the thir mean ? What the ty 9 

4. Tell how we read each of the following, and what 
the words mean : 40, 50, 60, 70, 80, 90. 



1. How many tens and how many units are represented 
by 23 ? What are two tens called ? 

Then 23 is twenty (or two tens) and three ; leaving out 
the and, we read it twenty-three. 

2. What is 6 tens called ? How many tens, and how 
piany units are represented by 66 ? How, then, is 65 ve^A ? 
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3. Kead as above, 54, 73, 82, 48, 71, 32, 23, 56, 65, 33, 
55, 91, 98. 

To Read a Number represented by two Figures when the left 

hand figure is any other than 1. 

12. Rule. — Pronounce the number of tens firsts con- 
tracting the word tens to ty, two to twen, three to thib, 
FOUB to FOB, FIVE to FiF, and eight to EiGH ; then pro- 
nounce the number of units. 

4. Read the following : 



36 


78 


80 


43 


73 


57 


43 


64 


61 


40 


:37 


62 


41 


31 


16 


33 


84 


70 


21 


71 


81 


11 


87 


66 


19 


17 


88 


22 


96 


15 


13 


50 


99 


25 


79 


51 


26 


13 


77 


28 


85 


24 



1. In 576 what does the 5 represent ? 

What do the other two figures taken together repre- 
sent ? Then how do we read 576 ? 
Answery Five hundred seventy-six. 

2. In 834 what does the 8 i-epresent ? What the 34 ? 
Bead 834. 

3. Kead the following : 

235 821 343 

482 763 988 

576 222 888 

4. In 700 how many hundreds are represented ? How 
many tens ? How many units ? 

If there are no tens nor units represented in 700, and 
there are 7 hundreds, how will you read it ? 

5. Bead 200, 500, 800, 100, 600, 300, 400, 900. 



Ill 


279 


644 


927 


446 


792 
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6. In 503 how many hundreds are represented ? How 
many tens ? How many units ? Then how is 503 read ? 

Answer, Five hundred three. 

To Read a Number represented by Three Figures. 

13. Sule. — Pronounce the number of hundreds first, 
and then read the other two figures as directed in the pre- 
ceding rules. 

[The only reason for the last three roles is custom.] 

7. Eead 708, 604, 303, 101, 105, 107, 109, 408, 404, 803, 
801, 703, 602, 808, 609, 708, 906, 507. 

8. In 420 how many hundreds are represented ? How 
many tens? How many units? What do we call two 
tens ? Hence 420 is read 4 hundred 20. 

Eead 420. Thus, four hundred twenty. 

9. Eead 530, 640, 760, 990, 810, 960, 870, 440, 110, 250, 
340, 820, 910, 750. 

14. The groups of ten each into which numbers are 
collected are called Obdebs. 

We have now become acquainted with Units Order, 
Tens Order, and Hundreds Order, and have seen that ten 
hundreds make a thousand, which is the next higher order. 

Bx. In 6827 what order is 7 in ? What 2 ? What 8 ? 
What 6 ? 

In the picture on page 4, what order do Jane's pack- 
ages illustrate ? What George's? What Mary's ? What 
the single counters before they are put uito packages ? 

Written, Mead, 

326 Three hundred twenty-six. 

405 Pour hundred five. 

530 Five hundred thirty. 

891 Eight hundred ninety-one. 
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FOURTH STEP. 

Heading Numbers represented by more than Three 

azures. 

IB. When we wish to read a number represented by a 
large number of figures, as 764312895, we first point the 
figures off into sets by putting a comma between the third 
and fourth, sixth and seventh, etc., that is, after every 
third figure from the right. 

1. Point off 764312895 for reading. 

2. Point off 30265420756. 

3. Point off 2055101. 

16. Each set of figures thus pointed off is called a 
Period. Each period, except the one at the left, must 
have three figures in it. The left-hand period may have 
one, two, or three figures in it. 
4. Point off the following : 

6124675 23456 8200156478 

48517263 508427 34811225605 

201564 3261 1156400002508 

The second of these is pointed off thus: 48,517,263. 



17. The second period from the right is called Thou- 
sands Period ; the next, or third from the right, is called 
Millions Period; the next, or the fourth from the right, 
is called Billions Period.* 

1. What is the thousands period in 467312895 ? 

Answer, 312. 

What is the millions period ? Ansioer, 467. 



* The BaccesBive periods beyond blllionB are trillions, qnadriUions, qointillions, 
sextiUions, septillions, and octillionB, etc 



READING KUMBERS, H 

2. What is the bUlions p^iod in 24876403287 ? 

Answer^ 24. 

3. What is the thousands period in the last number? 
What the millions ? 

4. Point ofif 53212671. What is the number which 
stands in millions period ? What in thousands period ? 

5. Point off 3412756, and then name in order the num- 
ber standing in each period, beginning at the left. 

When pointed off, this is 3,412,756. 

Hence we read 3 million, 412 thousand, 756. 

6. Point off and read 245642. 
When pointed off, this is 245,642. 
Hence it is read 245 thousand, 642. 

7. Point off and read 50300806. 

This is read 50 million, 300 thousand, 806. 

8. Point off and read the following numbers : 
348256 12350246710 452506481835 

2957643 881100604 2648300500 

54203 18203700 30825605100 

The first is pointed thus : 348,256 ; and read three hun- 
dred forty-eight thousand, two hundred fifty-six. 

The last is pointed thus: 30,825,605,100; and read 
thirty billion, eight hundred twenty-five million, six hun- 
dred five thousand, one hundred. 

9. Bead 2070582. What are the figures in thousands 
period ? Answer, 070. How much does 070 represent ? 
How many units ? How many tens ? How many hun- 
dreds ? When these three figures, 070, stand alone and in 
this order, what more do they represent than 70 ? 

If 070 is only 70, might we not omit the before the 7 
in the number 2070582 without altering the value ? Why 
not? Bead 270582. Bead 2070582. Are they the same? 
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To Read a Number represented by more than Three Figures. 

18. Sule. — First separate the number into periodsy by 
placing a comma before every third figure from the right. 
Theuy beginning at the Uft^ read the number in each period 
in succession according to the rule for reading a number 
represented by three figures^ and after the number repre- 
sented in any period, pronounce the name of that period. 
Pass over periods filled by zeros in silence. 

jE^xamptes for Practice. 

Point oflF and read the following : 



21050707 


505050 


700000 


3003000001 


283004005 


5050505 


1500000 


5000011006 


100001004 


102000 


1010001 


2000140510 


60016002 


40030001 


600038 


5099800070 


2000200 


6010210 


2000004 


6000000112 


50034 


53457 


11111111 


50000000 


4785 


8888888 


223344 


4260000 


124080 


30608 


4375682 


4008000 


340077 


400000 


370000 


70060080 


3000010 


7200000 


20009 


600000008 



The last is pointed off thus : 600,000,008 ; and read six 
hundred million, eight 



19. Numeration is naming the orders of the figures 
in a number for the purpose of reading it.* 

The following table will show the names of the orders 
and of the periods at a glance : 



* It will be observed that we have tanght how to read numbers without the 
nee of the old process of ** numerating." Nevertheless, it is important for the 
pupil to get.thifl view, of.the relatlo2l^ of the periods.and oncers. 
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NuMBRATioK Table. 



a 
.2 



.2 

3 



QD 

§ 

QQ 

o 



•a 



" Names of the Pebiods. 



86 3, 42 6, 67 4, 319 Numbeb. 



QQ U2 QQ 

fl P fl 



OQ OQ 

a 



QQ 

a 




««pQ sag 

(r-i «M 



o o 

OQ QQ 

•nJ a 
ng EH 

M 



o o 

DQ QQ 



M 



OQ OQ QQ 

flap 

03 § 03 

OQ OQ QQ 
PJ PJ P 

O O O 

EHE-iH 

O o 

2 S 



QQ QQ QQ 

111 

P 

w 



^ Names of the Obdbbs. 



1. Numerate, that is, name the orders in 72166437861, 
beginning at the right. 

2. Numerate the following : 

421661304 142346686087 

31020667 32664876190 

3. How many units make a ten ? 

4. How many tens make a hundred ? 

6. How many hundreds make a thousand ? 

6. How many thousands make a tens-of-thousands ? 

7. How many tens-of-thousands make a hundreds-of- 
thousands F 

8. Ten hundreds of thousands make a million. What 
does a thousand thousand make ? What is a thousand ? 
What is the difference between ten hundreds and a thou- 
sand? 
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Principle. 

20. In the Decimal System 10 of any order always 
makes one of the next higher order y and a thousand of any 
period always makes one of the next higher period. 

9. How many millions make a billion ? 

10. How many billions make a tens-of-billions ? 

11. How many ten&-of-billions make a hundreds-of-bil- 
lions? 

21. Two very important practical observations are to be 
made in closing this section. 

1. Any number of figures at the right may be read as so 
many units. 

2. Any number of figures at the left may be read as so 
many of the lowest order of those figures. 

Thus in 2536: 1. We may consider the 3 and 6 as 
representing 36 units; for 3 tens and 6 units are 36 units. 
In like manner, the 5, 3, and 6 may be considered as 536 
units, since 5 hundreds, 3 tens, and 6 units make 536 
units. 2. The 25 may be considered as 25 hundreds, for 
2 thousands and 5 hundreds make 25 hundreds. So also 
the 253 may be regarded as so many tens, since 2 thou- 
sands, 5 hundreds, and 3 tens make 253 tens. 

Bx. Explain in this manner the various ways in which 
the following may be read : 

348, 4285, 785401, 600820. 

[The teacher cannot be too carefnl to see that these ideas are 
clearly perceived and firmly fixed. They are at the foundation of 
most of the operation3 in the fundamental rules.] 
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SECTION n. 

WBITIJ^G JfUMBEBS. 

FIRST STEP. 

To Write any Number less than 10* 

1. What are the names of the figures which we use in 
writing numbers ? 

2. How many does 1 signify? 2? 3? 4? 6? 6? 
7? 8? 9? 

3. Using figures, write one, two, three, four, five, six, 
seven, eight, nine. 

To Write in Figures any Number less than Ten. 

22. Sule. — Simply write the figure of the same name 
as the number, 

4. Write seven, nine, six, four, and two in figures. 



SECOND STEP. 

To Write any Nufnber less than 1000. 

1. How many tens in fifteen ? How many units ? 

In writing numbers in figures, in what place are tens 
written ? In what place are units written ? 

Write fifteen in figures. 

2: How many tens in eighteen ? How many units ? 

Write eighteen in figures. 

3. In order to write seventeen, what two things must be 
noticed first? Answer y How many tens there are, and 
how many units* 
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What other things are to be noticed ? Answer ^ In 
what place tens are written, and in what place units. 
4. Write in figures thirteen, fourteen, nineteen. 
6. How many tens in eleven ? How many units ? 
What is to be written in tens place ? What in units ? 
Write eleven in figures. 

6. Let the pupil ask the same questions about twelve as 
are asked about eleven in the last example, and answer 
them. Write twelve in figures. 

7. How many tens in ten ? How many units besides ? 
What then is to be written in the second order? What 
in the first (right hand) order ? Write ten in figures. 

8. How many tens in twenty-six? How many units 
besides ? 

What is to be written in tens order ? What in units 
order? 
Write twenty-six in figures. 

9. Ask the same questions about fifty-seven as are asked 
about twenty-six in the last example, and answer them. 
Then write fifty-seven in figures. 

10. Ask the same questions as above about each of the 
following, and having answered them, write the numbers 
in figures : 

forty-eight, eighty-two, seventy-four, 

sixty-three, thirty-one, seventy-seven, 

ninety-seven, fifty-five, forty-four. 

11. How many tens in sixty? How many units be- 
sides? 

What figure, then, shall be written in tens order ? 

What in units? 

If we should write 6 in tens order, and any other figure 
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than in units order^ would the two figures represent just 
sixty, or would they represent more than sixty ? 

12. Write in figures seventy, ninety, fifty, eighty, forty, 
twenty. 

13. In five hundred thirty-four how many hundreds are 
there ? 

How many tens ? How many units ? 
In which place are hundreds written ? 
Write five hundred thirty-four in figurea 

14. Ask the same questions as in the last, about each of 
the following numbers, and having answered them, write 
each number in figures : 

four hundred thirty-five, 
seven hundred twenty-eight, 
three hundred sixty-two, 
one hundred thii*ty-four, 
two hundred twenty, 
nine hundred forty-one, 
seven hundred seventy-seven, 
one hundred eleven, 
five hundred fourteen, 
eight hundred thirteen, 
two hundred twelve, 
three hundred thirty, 
seven hundred seventeen. 

15. In six hundred seven, how many hundreds ? How 
many tens ? How many units ? In writing this number 
in figures, which order will have a in it ? Write the 
number. 

16. Write in figures the followiug, first asking and 
answering such questions as above : 



18 FUNDAMENTAL PRINCIPLES. 

four hundred seven, 
six hundred twenty, 
eight hundred one, 
three hundred thirty, 
one hundred seven, 
one hundred ten, 
five hundred fifty-five. 

17. In seven hundred, how many hundreds? How 
many tens and units besides ? How many orders will be 
filled with zeros ? Write seven hundred in figures. 

18. Write in figures six hundred, three hundred, one 
hundred, five hundred, nine hundred. 

23. This method of writing numbers in figures is often 
called the Ababig Notation, and the ten figures used are 
called AraMc Characters. 

[This is becanse these figures were introduced into Europe hj 
the Moors, or Arabs, and were then thought to have been invented 
by the Arabs. It is now known that thej came from farther East, 
perhaps from Thibet.] 

To Write in the Arabic Notation any Number less than One 
Thousand, i. e., One represented by Three or Less Figures. 

24. Rule. — First consider what is the highest order to 
be represented^ and write the figure representing the re- 
quired number of this order. Then consider how many 
are to be represented of each of the lower order Sj and write 
the figures representing each of these at the rights tens 
occupying the first place at the right of hundreds^ and 
units the next, or right-hand place. When the number 
lacks any order lower than the highest^ such j)lace is to b$ 
filled with a 0, 



r 
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Mxamples for l^ractice. 

1. Write all the numbers from one to two hundred. 

2. Write the following : 

three hundred fifty-six, 
two hundred twenty-two, 
seyen hundred ninety, 
*' seven hundred nine, 

seven hundred ninety-nine, 
six hundred, 
six hundred five, 
six hundred fifty, 
six hundred fifty-four, 
eight hundred eighteen, 
nine hundred sixteen. 

3. Write all the numbers from four hundred to six hun- 
dred. 

4. Write all the numbers from three hundred twenty- 
six to five hundred forty-two. 



THIRD STEP. 

To Write any Number whatever. 

1. In seven hundred thirty-five million, four hundred 
ninety-two thousand, two hundred thirty-six, how many 
periods are there ? What are their names ? 

How many millions are there? Write in figures the 
number of millions. 

How many thousands are there ? Write in figures the 
number of thousands, placing it at the right of millions. 

How many are now left of the number to be repre- 
sented ? Write this at the right of thousands. 
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Thus we have 735,492,236. Bead this number. 

2. In seventy-two thousand five hundred twenty-eight, 
how many periods are there? :What are their names ? 

How many are there in thousands period ? 

How many are there in units period ? 

Write the number of thousands. 

At the right of the thousands write the number required 
in units period. 

To Write in the Arabic Notation any Number whatever.* 

26. Rule. — Note the highest period mentioned in the 
number, and write the number required in this period 
according to (34). Then note the next lower period men- 
tioned, and write in like manner the number specified in 
it. Thus continue the operation till the entire number is 
written, observing to fill with zeros any periods or orders 
which toould otherwise be vacant. 



Examples for Practice* 

1. Write twenty-three million, four hundred fifty-six 
thousand, five hundred thirty-nine. 

2. Write forty-five thousand, seven hundred sixty. 

3. Write seventeen bilUon, one hundred eighty-one 
million, five hundred sixty-two thousand, two hundred 
seventy-eight. 

4. Write four thousand, one hundred four. 

5. Write seventy-five thousand, seventy-five. 



* When the word nnmber is thus n^ed, a whole number is nsnally implied. 
The pupil will- get no other idea ttom it at this stage of his progress. 
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6. Write six hundred five thousand, one hundred 
twenty-three. 

7. Write eight hundred seyenty-two thousand, five 
hundred twelve. 

8. Write nine million, seven hundi*ed sixty-five thou- 
sand, four hundred thirty-two. 

9. Write three hundred forty million, forty-three thou- 
sand, five hundred sixty-seven. 

10. Write three hundred seventy-four billion, four hun- 
dred thirty-eight million, eight hundred sixty-two thou- 
sand, eight hundred forty-seven. 

11. Write seventy-two million, eighty-three thousand, 
twenty-seven. 

12. Write seventeen thousand, seventeen hundred seven- 
teen. 

13. Write 2 hundred 89 million, 1 thousand. 

14. Write one million, one thousand,'one. 

15. Write ten million, ten thousand, ten* 

16. Write one hundred sixty-seven thousand, nine hun- 
dred thirty-eight. 

17. Write ten billion. 

18. Write 4 hundred 69 billion, 9 hundred 31 million, 7 
hundred seventy-seven. 

19. Write nine hundred ninety-nine million, nine hun- 
dred ninety-nine thousand, nine hundred ninety-nine. 

20. Write one hundred two billion, two hundred thou- 
sand, seven. 

21. Write 3 hundred forty-seven million, 5 hundred 
twenty-one thousand, 8 hundred ninety-six. 

22. Write 10 billion, 2 hundred 47 million, 327. 

23. Write 3 hundred 4 thousand, 26. 

24. Write 504 billion, 627 million, 17 thousand, 2. . 
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25. Write 12 million, 8 thousand, six. 

26. Write two hundred sixty-one billion, five hundred 
seventy-eight million, nine hundred thirteen thousand, one 
hundred twelve. 

27. Write ten million, ten. 

28. Write 1 million, 1 thousand, 1 hundred 1. 

29. Write twenty-two million, two hundred twenty-two 
thousand, two hundred twenty-two. 

30. Write 1 hundred 1 thousand, 2 hundred 2, 



SECTION in. 

THE ROMAJf :N'OTATIOJf^ 

26. Dates, numbers of sections and chapters, and of 
the pages of an introduction to a book, are often repre- 
sented by the seven letters 

I, V, X, L, C, D, M. 

27. When used to represent numbers, the values of 
these letters are as follows : 

I, one; V, five; X, ten; L, fifty ; 0, one hundred; D, 
five hundred; and M, one thousand. 

28. This method of representing numbers is called the 
EoMAN Notation". 

To Read a Number represented by the Roman Notation. 

29. Rule. — ^dd the values of the letters^ observing 
that when a letter is followed by one of greater value 

* This iection is placed here in deference to cnstom. It should be omitted by 
pupils unacquainted with addition and subtraction until they have studied those 
subjects. 
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than itself, the difference between these twa is to be taken 
in making up the same. 



Examples for ^Practice. 

1. Eead XXVin. 

Suggestion. X is 10 ; V, 5 ; and I, 1. Then adding the values 
of aU the letters, we have 28. Hence XXVIII is 28. 

2. Bead XIX. 

Suggestion. — Here the I before X diminishes the value of the 
latter making IX mns. Hence XIX is 10 and 9, or 19. X, 10. 

3. Eead MDCCXLVHI. 

Suggestion.— Here we have 1000, 500, 100, 100, 40 (the XL is 40), 
5, 1, 1, and 1. Adding these, there results 1748. 

30. By observing what orders are represented, we can 
read such expressions at sight. 

4. Bead MMDCCCLXXVII. 

Suggestion. — ^Here the two M's represent thousands; D and the 
three C's, hurid/reds; L and the two X's, tens; V and the two Ts, 
units. Hence we read 2 thousand, 8 hundred seventj-seven. 

5. Bead the following : 



L 


MDCCCTiXXV. 


XIV. 


IV. 


MMCCXXIL 


XXIX. 


T,X. 


CXL. 


XXXIV. 


VllL 


MCOVIII. 


XLVIII. 


XX. 


XLV. 


CCLXXI. 


XT,. 


MDOXXVll. 


MMCLVUL 


XXX. 


MCDXCn. 


MDCCCXL. 


LXXX. 


IV. 


MDCXX. 


cn. 


V. 


m. 


VIL 


XIX. 


L. 
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VIIL XXXVIIL LIL 

IX. XL ccexLix. 

DVI. MMMDCCLXXXL XXXIX. 



To Write any Number less than Four Thousand, in the Roman 

Notation. 

31. Rule* — ^I. Write the Utter of highest valtie which 
does not exceed the number to he written. Repeat this 
letter as many times as possible without, exceeding the 
number. 

II. Observe how much remains to be represmited, and 
treat it in the same mamiery annexing these letters to the 
former. Continue this process till the entire number is 
represented. 
Observing that 

IV is written instead of IIII for four, 
IX « « Vim for nine, 

XL « '' XXXX for forty, 

XO '' " LXXXX for ninety, 

CD « « CCCC for four hundred, 

CM " " DCCCC for nine hundred; 

that is, no letter is written four times in succession. 



Examples for Practice. 

1. Write 327 in the Boman Notation. 

Suggestion. G represents the highest value lower than 327, and 
can be written three times, thus CCC, which is 300. There now 
remains 27 to be represented. X is the letter next lower in value, 
and can be written twice, thus XX, which is 20. 7 now remains, 
and V is the letter next lower in value, but cannot be repeated, 
hence we write V. There now remains 2, which is written IL 
Collecting the letters, we have CCCXXVII for 327. 
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2. Write 2738 in the Eoman Notation. 

3. Write 1875 in the Roman Notation. 

4 Write 17, 38, 51, 123, 571, 120, 115, 731. 
6. Write 949, 494, 3489, 297^ 1740, 1620, 1492, 1776. 
[Note.— Observe that 4 uid 9 ai« the only digits whose values 
ftre lepTeaented bj differences. 
6. Write all the nambers fixpm 1 to 200. 




SECTION rv. 

ADDITIOJf. 

FIRST STEP. 

7V» Add a Swnther not exceeding 9 to a greater or 
equal Number not exceeding 9, 
1. How man; oranges has the girl in the picture ? How 
many has the boy ? If the boj give the girl one of his, 
how many will she have then ? If he then hand her 
another, how many will she have ? If he hand her still 
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another, how many will she have ? If finally he hand her 
his last orange, how many will she have ? 

How many oranges did the girl have at first ? How 
many did the boy give her ? How many had she then ? 

How many are 5 and 4 when united ? How do you find 
out? 

2. Which is the more, 5 oranges and 4 oranges, or 9 
oranges? 

32. The Sum of two or more numbers is the numbet 
which they make when united. 

3. Find the sum of 6 and 3. 

Suggestion. — The way to do this is to begin with 6 and count on 
3. It is quite proper to use objects, (xt first. 

4. Find the sum of 4 and 2. Of 5 and 6. Of 8 and 5. 
How do we find the sum of numbers ? 

5. Find the sum of 9 and 4. Of 3 and 5. Of 7 and 6. 
Of 8 and 9. 

33. The sign + is called pluSy and when placed be- 
tween two numbers indicates that they are to be added.* 
Hence it is called the sign of addition.* 

34. The sign = is called the sign of equality, and sig- 
nifies that what is written before it is equal to that which 
is written after it. 

Thus 5+4=9, is read "5 plus 4 equals 9." This means 
the same as "5 and 4 are nine." 

6. Read the following: 6 + 3 = 9; 5 + 2 = 7; 8 + 4 
= 12; 3 + 1 = 4; 7 + 3 = 10; 1+1 = 2; 9 + 8 = 17; 
6 + 6 = 12. 

* The pnpil is supposed to know the meaning of these words fit>m his stady 
of Primary Arithmetic, or becaase they are words in common nse ; we are not 
yet prepared to give the formal definition of Addition and to distinguish it firom 
Counting. (See 40.) 
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7. Fill the blanks in the following and read the ex- 



pressions : 

4 + 7 = 

5 + 6 = 

7 + 1 = 

8 + 5 = 
7 + 4 = 
3 + 2 = 



1 + 1 = 

2 + 8 = 

3 + 4 = 

4 + 1 = 

5 + 1 = 

5 + 2 = 



9 + 1 = 

9 + 5 = 

8 + 6 = 

8 + 7 = 

7 + 7 = 

6 + 6 = 



To Find the Sum of Two or more Numbers not exceeding Nine. 

35. Rule. — Begin with one of the numbers and count 
on the other. 
In this way fill out the following 

Addition Table. 



1 + 1 = — 

2 + 1 = 

3 + 1 = 

4 + 1 = 

5 + 1 = 

6 + 1 = 

7 + 1 = 

8 + 1 = 

9 + 1 = 


2 + 2 = 

3 + 2 = 

4 + 2 = 

5 + 2 = 

6 + 2 = 

7 + 2 = 

8 + 2 = 

9 + 2 = 


• 

3 + 3 = 

4 + 3 = 
6 + 3 = 

6 + 3 = 

7 + 3 = 

8 + 3 = 

9 + 3 = 


4 + 4 = 

5 + 4 = 

6+4 = 
7+4 = 
8+4 = 

9 + 4 = 


5 + 5 = 

6 + 5 = 

7 + 5 = 

8 + 5 = 

9 + 5 = 


6 + 6 = 

7 + 6 = 

8 + 6 = 

9 + 6 = 


7 + 7 = 

8 + 7 = 

9 + 7 = 


8 + 8 = 

9 + 8 = 


9 + 9 = 
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SECOND STEP. 

To Add a Number not eocceeding 9 to another less 

than itself • 

1. If the girl in the picture, page 25, should give the 
boy her 5 oranges, how many would the boy have ? 4 and 
6 more are how many ? 

If the boy should give the girl his oranges, how many 
would she have ? 6 and 4 more are how many ? 
Which is the more, 4 and 5, or 5 and 4 ? 

2. How many are 4 + 3 ? Then how many are 3 + 4 ? 

3. How many are 6 + 4 ? Then how many are 4 + 6 ? 

4. In this way fill the blanks in the following : 



3 + 5 = — 
3 + 6= — 

.1 + 7 = — 
5 + 7 = — 

3 + 8 = — 
7 + 8= — 

4 + 9= — 
8+9 = — 



4+ 5= — 

4+ 6 = — 

2 + 7 = — 

6 + 7 = — 

4 + 8= — 
1 + 9 = — 

5 + 9 = — 

6 + 9 = — 



1 + 6 = — 
5 + 6 = — 
3 + 7 = — 

1 + 8 = — 

5 + 8 = — 

2 + 9 = — 

6 + 9= — 

3 +5= — 



2 + 6 = — 

5 + 6= — 
4+7 = — 

2 + 8 = — 

6 + 8= — 

3 + 9 = — 

7 + 9 = — 
1-4 = — . 



THIRD STEP. 

To Commit tlie Addition Table to Memory. 

[Persistent, direct, and determined effort are necessary to this 
task. As long as there is any temptation to count instead of add, 
this work has not been well done. Have pupils repeat the table 
forward and backward, in concert and singly. Drill, drill, habitual, 
long continued drill, in adding at nght, is necessary. The devices 
suggested in the following exercises are very helpful] 

1. Commit to memory, so as to recognize instantly, the 
pairs of digits which give as the units of their sum, as 
1 + 9, 2 + 8, 3 + 7, etc. Those which give 1 as the units, 



as 3 4- 9, 3 + 8, 4 + 7, etc. Those which give 2. Those 
which give 8, i, 5, 6, 7, 8, 9. 

. This should be perdsted in nntU the pupU can reo^nlie the units 
fignre of vxj combination, at eight — instimtly. Cards filled with 
pain amnged promiBcaousl/, or similar arrangementa on the black- 
board, afford excellent drill leBBoos for this parpoee, the papiln 
being required to speak the units of each sum ks fast aa the t««cher 
can point out the pain. 

2. What figure with 4give8-3 as nnita? What3? What 
7? etc. 

3. What figure with 7 giree 2 as imite ? What 5 ? 
What 9? What 6? etc 

4 What figure with 2 giyes 8 as units? What If 
What 7 ? What 5 ? etc. 

Bnch drill should be continued until these combinationa are 
perfectljr familiar. 



ZV> Add any Jiutnter represented by One Fiffure to 
any Number represented by Tufo Figures. 

1 How many packages of 
10 counters each are there 
on the plate" How many 
single counters on the plate ' 
How many single counters ^5^1^ 
on the table? If you put 1 ~" 
all the counters together 1 
(add them), how man? sin- 
gle counters will there be? 
Can you make another pack- 
age of tens then ? Then how many packages of tens, and 
how many single counters will there be ? 
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2. Add 27 and 5. 

Snggestion. — ^How manj units* in 27 ? 7 nmts and 5 units make 
bow many ? 12 units make how many tens, and how many units ? 
Then 27 and 5 aie how many tens, and how many units ? 

3. If you have 4 tens packages of oonnters and 8 single 
counters, how many counters have you ? If now you add 
7 single counters to your stock, how many packages of tens 
can you make, and how many counters will you haye in all ? 

4. Add 48 and 7. 

To Add a Nnmber represented by One Fignxe to one represented 

by Two Fignrea. 

36. Biile. — First add the unifSy and see how many tens 
and units they make. Then add this number of tens to 
the given number of tensy and observe hoto many tens and 
units there are in all 



Examples for Practice. 

1. How many are 37 and 6 ? 35 and 4 ? 39 and 7 ? 

2. How many are 45 and 8 ? 46 and 9 ? 48 and 3 ? 

3. How many are 64 and 7 ? 61 and 8 ? 67 and 6 ? 

4. How many are 89 and 6 ? 85 and 7 ? 84 and 9 ? 

5. How many are 57 and 8 ? 53 and 9 ? 56 and 8 ? 

6. How many are 17 and 6 ? 18 and 9 ? 19 and 7 ? 

7. How many are 78 and 5 ? 79 and 4 ? 74 and 7 ? 

8. How many are 16 and 8 ? 13 and 8 ? 13 and 6 ? 

9. How many are 13 and 9 ? 
10. How many are 23 and 7 ? 

How many tens and how many units ? 

I * The only idea of units which ehonld have been giyen to the pupil up to this 

I point is that a unit is om ; so that he will not think of tens as units in any sense. 

i 
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Three tens are how many ? 

11. How many are 42 and 8 ? 64 and 6 ? 13 and 7 ? 

12. How many are 13 and 2 ? 12 and 7 ? 15 and 4 ? 
When you add 13 and 2 does it make any more tens ? 
14. Copy the following on your slates and fill the blanks 

without counting: 



23 + 6 = 

28 + 5 = 
45+5 = 
49 + 7 = 
81 + 9 = 
87 + 8 = 
87 + 9 = 



11 + 2 = 

17 + 8 = 

10 + 2 = 

18 + 5 = 

19 + 7 = 

11 + 9 = 

12 + 9 = 



20 + 2 = 
20 + 4 = 

28 + 6 = 

29 + 6 = 
38 + 7 = 
59 + 8 = 
62 + 9 = 



3 

4 
2 
5 
6 

7 



FIFTH STEP. 

To Add a Coluinn of Figures* 

37. A Hue of figures running up and down the 
page is called a Column. Here is a column of six 
figures, which we will proceed to add. 

1. 7 and 6 are how many ? 13 and 5 are how 
many? 18 and 2 are how many? 20 and 4 are 
how many ? 24 and 3 are how many.^ 

Then how many are 7 and 6 and 5 and 2 and 4 and 3 ? 

To Add a Column of Figures. 

38. Itiile. — Begin at the bottom, and add the lowest 
figure to the next above it, and this sum to the third figure, 
and 80 continue until all are added. 



We begin at the bottom because it is customary. It really makes 
no diflT^rence wh^re we begin if only we add all tbe numbers. 
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2. Add the column in the margin. 4 

Suggestions. 2 and 5 are how many ? 7 and 8 are how ^ 
many? 15 and 6 are how many? 21 and 5 are how many ? g 
26 and 4 are how many ? 2 

30 

3. Copy the following columns of large figures on your 
slates, and add them, writing the sum of each column right 
under it : 



4 88 


8 83 


6 


7 


2 


6 


4 


2 » 


3 » 


4 


3 


4 


5 


7 


6 ^ 


2 22 


8 


8 


6 


4 


8 


6 « 


4 » 


3 


2 


6 


7 


5 


3 i« 


y 16 


7 


6 


3 


3 


7 


Y 13 


3 9 


6 


4 


7 


2 


6 


2 6 


5 6 


4 


5 


6 


1 


9 


4 


1 


2 
39 


8 
3 


4 
1 


5 
33 


3 

4 



4. Add the following columns of large figures twice 
each ; first add from bottom to top, and then from top to 
bottom, and see if the sum is the same when you add up 
as when you add down the column : 



8 53 


7 


9 


8 


7 


3 


6 


15 'J' 45 


9 


9 


8 


6 


4 


6 


20 5 88 


8 


8 


8 


4 


2 


8 


24 4 83 


6 


7 


7. 


5 


6 

• 


8 


27 3 29 


4 


5 


6 


8 


7 


9 


29 2 26 


5 


8 


6 


9 


5 


9 


87 g 24 


8 


4 


7 


7 


8 


7 


44 (^ 16 


6 


6 


4 


8 


9 


7 


63 9 


7 
60 


9 


8 


9 


9 


7 
67 
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In adding colamm abilitj' to recognize iiitUaiily the tutits figare 

* of tlie mm at eadi step is of the utmoet Importance. See Third 

Step. The following will BUggest a class of very useful e: 

See also Author's Primary Arithmelie, pp. 66, 56. 



2 


H 


a etc. 


4 


4 


4 etc 


13 


83 


23 


5 


15 


25 


8 


8 


8 etc. 


7 


7 


7 etc. 


11 


37 


37 


6 


16 


26 




1. The girl in the picture is 
picking up the counters which 
are on the table and putting 
them in the box. She picks 
them up 3 at a time. 

When 8he picks up the first 
3 and drops them in the box, 
she says "two," because there 

are two in the box. Then she picks up 3 more, and drop- 
ping them in she says " four," because there are 4 in the 
box. Then she picks up 2 more, and says "ax" as she 
drops them in the box, because there are then 6 in the 
box. 

This 18 called counting by twos. 

2. Count 100 by twos; thus, 2, 4, 6, 8, 10, eta 

3. Count 101 by twos, beginning with 3 ; thus, 3, 5, 7, 9, 
U, etc. 

4. Count 102 by 3's; thus, 3, 6, 9, 12, etc 

5. Count 100 by S's, beginning with 1 ; thus, 1, 4, 7, 10, 
13, etc 
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6. Count 101 by 3's, beginning with 2 ; thus, 2, 5, 8, 
11, 14, etc. 

7. Count 100 by 4's. Count by 4's from 1 to 101, from 
2 to 102, from 3 to 103. 

8. Count by 5's from 1 to 101, from 2 to 102, from 3 
to 103, from 4 to 104, from 6 to 100. 

9. Count by 6's from 1 to 103, from 2 to 104, from 3 
to 106, from 4 to 100, from 6 to 101, from 6 to 102. 

10. Count by rs from 1 to 106, from 2 to 100, from 3 to 

101, from 4 to 102, from 6 to 103, from 6 to 104, fi-om 7 
to 105. 

11. Count by 8's from 1 to 105, from 2 to 106, from 3 
to 107, from 4 to 100, from 5 to 101, from 6 to 102, from 
7 to 103, from 8 to 104. 

12. Count by 9's from 1 to 100, from 2 to 101, from 3 to 

102, from 4 to 103, from 5 to 104, from 5 to 105, from 7 
to 106, from 8 to 107, from 9 to 108. 

[It is essential that pupils be trained to add rapidly at sight. Any 
figures which [maj chance to stand on the blackboard will afibrd 
drill exercises, the pupils naming the sums aerthe teacher points to 
the digits.] 



SIXTH STEP. 

To^ Add several Numbers represented by severed 

Figures each. 

1. Here are three numbers. What is the first? ^^ 

What the second ? What the third ? -^^^ 

How many hundreds in the first? How many 034 

in the second? How many in the third? How 312 

many hundreds in all ? In order to remember it, we 153 

will write it under the hundreds, thus 6 
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How many tens in the first number ? How many 234 

in the second ? How many in the third 1 How 312 

many in all? In order to remember it, we Tvdll ^^^ 

write it under the tens, thus 69 

How many units in eaeh of the numbers ? How 234 

many units in. all of them taken together ? In 312 

order to remanber it, we will write it under the ^^^ 

units, thus 699 

Now we have put all the hundreds of the three numbers 
together, and all the tens, and all the units. How many 
do 234, 312, and 153 make when added ? What is the 
sum of 234, 312, and 153 ? 

2 to 6. Find the sum of the following in the same way : 



(2) 


(8) 


(4) 


(5) 


(6) 


322 


456 


341 


1212 


41226 


426 


111 


522 


3151 


32451 


111 


221 


115 


4123 


16112 



7. Will it make any difference, in adding the above num- 
bers, whether you add the hundreds first, and then the 
tens, and then the units; or add the units and then the 
tens, etc. ; or add the tens first, and proceed in any other 
order ? Try it in various ways. 

8 to 11. Add the following, beginning with the units, 
and then taking the tens, hundreds, etc., in order : 



(8) 


(9) 


(10) 


(11) 


325673 


3214 


213 


2222 


131201 


2131 


120 


3333 


421012 


2211 


101 


1111 




1123 


241 


1212 
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12. How many units are there in these three 
numbers ? 15 units are how many tens and how 3^25 
many units? We will set the 5 units under 4653 
units column^ in order to remember them^ thus 5 

How many tens are there in the three num- 
bers ? The 13 tens which the 5 tens, 2 tens, and 
6 tens make, with the one ten which the units 
made, make how many tens ? 14 tens are how 
many hundreds, and how many tens ? In order W^i 
to remember the 4 tens, we will write the 4 under 4553 

tens column, thus 45 

Now the 1 hundred which the tens made, and 
the 6, 4, and 5 hundreds which there are in the 

three numbers, make how many hundreds ? 16 ^^ ^ 

hundreds are how many thousands, and how many ^^25 

hundreds? We will write the 6 hundreds under 4653 

hundreds column, in order that we do not forget it. 645 

Finally, the 1 thousand which the hundreds 
made, and the 4, 3, and 8 thousands which there 
are in the three numbers, make how many thou- 3^25 
sands? 16 thousands are how many tens of 4653 
thousands and how many thousands ? Writing 16645 
these in their proper orders, how many do 8567, 
3425, and 4653 make when added ? 

13. Add as aboye these numbers. _.^ 

o47 
Suggestions. — How many units are there ? How many 836 
tens and how many units are 25 ? Write the units under 548 
units column, in order to remember them. The 2 tens ^^ * 
which the units of the number made, and the 8, 4, 3, and 
4 tens in the numbers, make how many tens ? 21 tens are how 
many hundreds, and how many tens ? Write the tens under tens 
column, in order to remember them. The 2 hundreds which the 
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tens made, ana ine 6^ 5, 8, and 3 hundreds in the numbers, make 
how many hundreds ? 24 hundreds are how many thousands, and 
how many hundreds ? Writing the 2 thousands and the 4 hundreds 
each in its own order, we have 2415 as the sum of the numbers. 

14 to 17. Add as above the following : 

(14) (15) (16) (17) 

4256 38765 348 5432764 

3847 27543 279 8264852 

2105 12030 546 1023457 

4328 57083 832 5437208 

18. Let us see if it is just as well to begin with hun- 
dreds as with units in such examples as these. 

Zizperiment. — The 5, 7, 8, and 9 hundreds make 29 hun- 
dreds. Now let us write the 2 thousands and the 9 hun- JoS 
dreds in their proper places. Then adding the tens, we 759 
find that 6, 5, 8, and 4 tens make 23 tens, or 2 hundreds 567 
and 3 tens. But the 2 hundreds must go in with the 9 29 
hundreds, and that wiU make 11 hundreds, or 1 thousand 
and 1 himdred. Again, this 1 thousand must go in with 946 
the other 2 thousands ; 90 that when we add the tens column, ^ 
we shaU have to change both the oth&r figures y and instead of 557 
writing 2 thousands, pad 9 hundreds, we shall have 3 313 
thousands and one hundred. Correcting the hundreds and 
thousands figures, and writing the 3 tens in the tens order, 
we will add the units. 7, 9, 2, and 6 units make 24 units, ^^ 
or 2 tens and 4 units. Now these 2 tens must go in with 759 
the other. 3 tens, and we shaU have to cJiange the 3 tens to 567 
5 tens. Doing this, and writing the 4 units in units order, 3154 
we have the correct sum. 

Thus we see that we can begin at hundreds (or the highest order) 
to add ; but that it is not so convenient, for when we add the higher 

order, we do not know how many are to go into it from the lower. 
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To Add several Numbers represented by several Figures each. 

39. Kule. — /. Write the numbers one under another, 
80 that all the units shall fall in one calumny all the tens in 
another; ail the hundreds in another, etc. 

IL Add the units column first, and having found its 
sum, consider how m^any tens and units there are in it. 
Write the units under tits units column, and keep ih& tens 
in mind to be added to the tens column. 

III. Add the tens which cams from the units column, 
and those in the tens column, and observe how many hun- 
dreds and tens the sum consists of Write the tens under 
the tens column, and keep the hundreds in mind to be added 
to the hundreds column. 

IV. Continue in this way till aU the columns are added. 
After adding the last column, write the figures of its entire 
sum in their proper orders. 

Reasons. — I. We write the numbers so that units shall fall in 
one column, tens in another, etc., in order that we may more readily 
see what units there are in all the numbers, and then what tens 
there are, etc. ; as we want to add the units first, then the tens, etc. 

II. We begin to add with the units, or lowest order, and proceed 
regularly through the orders, so that when we have added any one 
order, we may know whether there are any from the lower order 
to add in with the higher one which we are to add next 

III. When we have gone through all the orders in this way we 
have the sum of the several numbers, since we have one number 
which is made up of all the others put together. 

40. Addition is the process of finding the sum of 
two or more numbers by means of a knowledge of the 
sums of the digits taken two and two. 

There are two ways of finding the sum of numbers, viz., by count- 
ing and by adding. The pupilrmust never count when he professes 
to be adding. If he is at all disposed to count instead of add, it 
indicates that he has not thoroughly learned the addition table. 
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Examples for Practice in Adding, 

1. Add 427, 342, 866, and 728. 

2. Add 6648, 3726, 8972, and 6025. 

3. Add 38460, 64008, 66027, 37124, 73600, and 23478. 

4. Add 642, 36827, 26, 634851, 3206, and 15432. 

SuggestioxL — ^\V[hen written for addition, these num- 642 

bars stand as in the margin. First add a column from »« 

bottom to top, and then from top to bottom^ repeating 634851 

the process till the results agree. 3206 

15432 

41. When adding a column of figures^ do not 
name each figure, hut only name the sums. Thus 
in adding the units column in this example, do not 
say " 2 and 6 are 8, and 1 are nine, and 5 are 14," etc. ; 
but say, or think, 2, 8, 9, 14, etc. 

5. What is the sum of 50802, 345, 289764, 30726, 29, 
8, and 712800 ? 

6. What is the sum of 8, 29, 347, 6284, 70504, 2536475, 
976421, 24351, 6002, 437, 50, and 5 ? 

7. Find the sum of 78206, 843, 964271, 1853, 2679, 
570012, 8206143, 77899. 

8. Add 749831, 8632, 54317, 48, and 432613. The 
following are the figures in the answer : 1445421. How 
should they be arranged ? 

9. 181 + 24 + 897156 + 881 + 71512 gives the following 
figures : 456799. How should they be arranged ? 

10. The sum of the following numbers is an important 
series of figures: 48, 5627, 82160, 3475, 426, 654136, 
2485796, 92541643, 743260041, and 395534538. 

11. What is the sum of 3241, 476, 84324, 18472, 31421, 
and 62066 ? 

12. Add 18243, 32341, 7147, 165, 2342, and 50772. 
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13. 156890 4- 34875 + 217006 + 1000 + 2005 + 406 + 
342 = bow many ? 

14. 2000 + 11001 + 801 + 5000 + 88 + 5764 + 872 + 
99 + 447 = how many ? 

15. 88888 + 7777 + 6666 + 55555 + 4444 + 33333 + 
222 + 11111 = how many ? 

16. 576843 + 5891476 + 438275 + 789642 + 12384 + 
987640 = how many ? 

17. 870095 + 984573 + 642785 + 998877 + 679488 + 
1257 = how many ? 

18. 576443 + 203 4- 4703 + 56428 + 121 + 2546 + 70058 
+ 46 + 343 = how many ? 

19. 8192735742 + 2407643728 + 544337126 + 98724603 
+ 825473281 + 88116457263 = how many? 

20. What is the sum of the following numbers : three 
thousand four hundred sixty-five, two thousand fifty-four, 
nine hundred six thousand two hundred forty-seven ? 

Am., 911766. 

21. What is the sum of the numbers, one hundred sixty- 
seven thousand, three hundred sixty-seven thousand, nine 
hundred six thousand, two hundred foriy-seven thousand, 
ten thousand, seven hundred thousand, nine hundred 
seventy-six thousand, one hundred ninety-five thousand, 
ninety-seven thousand ? Ans., 3665000. 



Applications.* 

1. Harry had 7 books, and his father gave him 4 more. 
How many books had he then ? 

* In such exercieeB as the following, the main purpose is not to give practice 
in adding, but to develop the ability to see when and why we mnst add, i. «., to 
notice what operations the conditions of a problem require. Let this be remem- 
bered in class explanation, and a good form of solution be always required. 
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Solution. — ^If Harry had 7 books, and his father gaye him 4 more, 
he then had the sum of 7 books and 4 books, which is 11 books. 

2. If James rode 8 miles and walked 3, how far did he 
travel in all ? 

3. A merchant sold from a piece of cloth % yards at one 
time, 3 yards at another, and 6 yards at another. How 
much did he sell from the piece in all ? 

4. Jane is 7 years old, and her brother, George, is 6 
years older than she is. How old is George ? 

Solution. — ^If Jane is 7 years old, and George is 6 years older than 
she, George's age is 7 + 6, or 13, years. 
Note. — ^Avoid stereotyped forms of solution. 

5. A farmer had 13 head of cattle and bought 8 more. 
How many had he then? 

6. Mr. A. had 37 sheep; Mr. B. had 9 more than Mr. A. 
How many had Mr. B. ? 

7. Henry earned 37 cents on Monday, 28 cents on Tues- 
day, 66 cents on Wednesday, 48 cents on Thursday, was 
idle Friday, and earned nineteen cents on Saturday. How 
much did he earn during the week ? 

8. Mr. Jones bought a horse for 250 dollars, and sold it 
for 37 dollars more than he gave for it. For how much 
did he sell it ? 

9. James bought an orange for 8 cents, and a melon for 
5 cents more than the orange cost. How much did he 
pay for both ? Do not use the slate for this.* 

10. There are 6 boys and 3 girls in one class, and 7 
girls and 4 boys in another class. How many pupils are 
there in both classes ? 

* In all cases where the numbers are small and the comhinations few, the work 
should he whoUy mental. 
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11. John bought a knife for 23 cents and sold it for 3 
cents more than he gave for it. How much did he receiye 
for it ? 

12. There are thirty days in June, and 31 each in July 
and August. How many days in these three summer 
months ? 

13. Henry gave 85 cents for a sled, and 126 cents more 
for a pair of shoes than for the sled. How much did both 
cost him ? Ans^ 296 cents. 

14 K it is 2 feet from the ground to the top of the 
foundation of my house, and the first story is 11 feet, the 
second 10, the ridge of the roof 8 feet above the upper 
ceiling, the chimney top 4 feet above the ridge, and the 
lightning rod extends 3 feet above the chimney, how high 
is the top of the lightning rod above the ground ? 

15. A farmer has 47 acres in wheat, 36 in com, 52 
meadow land, 18 in oats, his house and bam yards and 
garden contain 2 acres ; he has 43 acres of pasture, 17 acres 
occupied as an orchard and with vegetables, and 81 acres 
of woodland. How many acres in his farm ? 

16. A farmer's stock consists of 27 cattle, 126 sheep, 7 
horses, and 15 hogs. How many animals has he in all ? 

17. It is 30 miles from Detroit to Ypsilanti, 8 miles from 
Ypsilanti to Ann Arbor, 38 miles from Ann Arbor to 
Jackson, 20 miles from Jackson to Albion, 12 miles from 
Albion to Marshall, 13 miles from Marshall to Battle 
Creek, 23 miles from Battle Creek to Kalamazoo, 47 miles 
from Kalamazoo to Niles, 37 miles from Niles to Michigan 
City, and 56 miles from Michigan City to Chicago. These 
places occurring in order along the Michigan Central Eail- 
road, how far is it from Detroit to Chicago ? 

How far from Ann Arbor to Kalamazoo ? 
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How fiu* from Ypdlanti to Jackson ? 
How iar from Jackson to Niles ? 

18. In a certain house there were 2 parlors, one of which 
required 37 yards of carpeting and the other 42 yards ; a 
sitting-room requiring 28 yards, 2 bed-rooms requiring 16 
yards each, and 2 other bed-rooms requiring 12 yards each. 
How much carpeting was required for all these rooms ? 

19. A drover paid 17428 dollars for 530 head of cattle, 
7689 dollars for 126 head, and 63850 for 1225 head. How 
much did he pay for all ? How many cattle did he buy ? 

20. A gentleman is 15 years older than his wife, and she 
is 20 years older than their eldest son, who is 29 years of 
age. Bequired the gentleman's age, and the age of his 
wife? 

Ans.^ The gentleman's age is 64 years; his wife's, 49. 

21. A farmer bought three plantations for 3750 dollars 
each, and sold them again so as to make 1000 dollars on 
the whole. For what sum did he sell the three ? 

An8.y 12250 dollars. 

22. Several persons contributed towards the establish- 
ment of a Ubrary. A gave 200 dollars, and B 50 dollars 
more than A ; C gave 300 doUars, and D 25 dollars more 
than C. What was the whole amount contributed ? 

Ana., 1075 dollars. 

23. At the battle of Moscow there were 13000 Russians 
killed, 5000 taken prisoners, about 27000 wqunded, and 
40 generals either killed, wounded, or taken prisoners; 
2500 of Napoleon's army were killed, 7500 wounded, and 
15 generals either killed or wounded. What was the total 
loss ? Ana. 55055. 

24. At the battle of Waterloo the French lost 40000 
men ; the Prussians 38000 ; the Belgians and Dutch 8000; 
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the Hanoyerians 3500; and the English about 12000; 
how many men were killed in all ? 

25. At the battle of Gettysburg the loss in the Union 
army was 2,834 men killed and 13,790 wounded, and in 
the Confederate army 4,500 killed and 26,500 wounded. 
What was the whole loss in each army ? What was the 
whole number of men killed ? What was the whole num- 
ber wounded ? What was the whole loss in both armies ? 

26. At the battle of Antietam the Union army num- 
bered about 87,000 men, and the Confederate about 60,000. 
The loss of the former was reported at 2,010 killed, and 
10,459 wounded and missing. If the Confederate loss was 
equally great, how many were killed in all ? 

27. A merchant bought cloth for 375 dollars, and silk 
for 95 dollars. In selling, he gained 50 dollars on the 
cloth, and 45 dollars on the silk; for what sum did he sell 
the whole ? Ans.y 565 dollars. 

28. A provision dealer bought a load of potatoes in the 
morning containing 48 bushels, out of which he sold 12 
bushels to one man and 5 to another. He then bought a 
load of 37 bushels, and put them in with what were left of 
the former load. After this he sold to one man 7 bushels, 
to another 16, and to another 8. Finally, he bought 63 
bushels, and put them into the same bin with the others. 
How many potatoes did he buy ? How many did he sell ? 

29. The mariner's compass was invented in China 1120 
years before Christ ; America was discovered by Columbus 
1492 years after Christ ; and steam was first applied by 
Fulton to propelling boats 315 years after the discovery 
of America. How many years after the invention of the 
mariner's compass was steam first applied to propelling 
boats? 



SUSTRACTTON. 




SECTION V. 

SUBTRACTIOJ^. 



To Ascertain the Remainder when any Nitmber 
represented by One Figure is taken from any 
Jfumber not less than itself, but less than itsdf 
+ 10. 

1. How many cherries are there on the branch which 
the boy is holding out to the girl in the picture ? 
How many bunches of cherries are there ? 
How matiy in each bnnch ? 
What is the girl doing ? 

If she picks 1 of the 9 cherricB, how many will remain ? 
4 taken from (i. e., out of ) 9 leaves how many ? 
S. Five and 3 make what ? 

Then if 3 be taken from 8, how many will be left ? 
If 5 be taken from 8, how many will be left ? 
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42. Taking one number from (t. e. out of) another is 
called Subtraction. 

The number to be sabtracted is called the Subtra- 
hend. 

The number from which the Subtrahend is to be taken 
is called the Minuend. 

What is left of the Minuend after the Subtrahend has 
been taken out is called the Remainder. 

3. Six and 5 are how many? 
Fiye and what make 11 ? 

If 5 are taken from 11, how many remain ? 

In this example what is the 11 called? 

What is the 5 called which is to be taken from the 11 ? 
What is the 6 called which is left of the 11 after 5 has 
been taken from it ? 

4. Four and 8 make how many? 
8 and what make 12 ? 

8 taken from 12 leaye how many ? 
What is the minuend in this example ? What is the 
subtrahend ? What the remainder ? 

5. 7 and what = 9 ? 

If 7 and 2 make 9, what is left of 9 after 7 is taken out ? 
What is left of 9 after 2 is taken out ? 

To Ascertain the Remainder when any Number represented by 
One Figure is taken firom any Number not less than itself^ 
but less than itself + lo. 

43. Kiile. — Consider, from your knowledge ofAdditiony 
what number together with the given subtrcAend makes tlie 
minuend. This other number is the remainder sought. 

6. What is the remainder when 7 is taken from 13 ? 

Suggestion.— Since 7 and 6 make 13, if 6 is taken from 18, 7 is 
left. 
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7. K 8 is taken firom 14, what is the remainder? 

44. The sign -- is called minuSy and indicates that the 
number after it is to be subtracted from the nnmber before 
it; thus 11 — 6 means that 6 is to be subtracted from 11. 

This sign is read minuSy which means less, so that 11—6 
is read ** 11 minus 6." 

8. What is 9 - 4 ? 

What nnmber with 4 makes 9 ? 

9. What is 7 -5? Why? 

Ans^ 7 — 5 is 2, because 6 + 2 = 7. 

10. What is 15 -8? Why? What is 16 -7? Why? 

11. Copy the following on your slate, and fill the blanks: 

8 + what = 11 ? Then 11 - 8 = what? 
4 + = 7? Then 7 - 4 = ? 

6 + = 14? Then 14-6 =' ? 

7 + = 12? Then 12 - 7 = ? 

9 + = 17? Then 17 - 9 = ? 

3 + =9? Then 9 - 3 = ? 

12. If 6 is one of two parts of 8, what is the other ? 
8- 6 = what? 

13. ff 3 is one of two parts of 11, what is the other? 
11-3 = what? 

14. If 7 is one of two parts of 16, what is the other ? 
16 -7 = what? 

Three dots placed thus .'. are read "therefore.^* 

15. Copy on your slate and fill out the table on the fol- 
lowing page : 

This table must be so thoroughly learned that any remainder can 
be told instantly. But if addition has been well learned, this will 
cost only a little labor. 

Counting lack/ward from 100 by 1*8, S^s, 3% etc,, forms an excellent 
drill in learning the Bubtraction Table. 
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SUBTRACTION TABLE. 



When 1 is 

1 + 1 = — 

2 + 1 = — 

3 + 1 = — 

4 + 1 = — 

5 + 1 = — 

6 + 1 = — 

7 + 1 = — 

8 + 1 = — 

9 + 1 = — 



one part. 



I 



— 1 = 



8 — 1 
8 — 3 
4-1 

4 — 8 

5 — 1 

5 — 4 

6 — 1 

6 — 5 

7 — 1 
7-6 

8 — 1 
8-7 

9 — 1 
9 — 8 

10-1 
10 — 9 



When 2 is one part. 



2 + 2 = 

3 4- 2 = 

4 + 2 = 

5 4- 2 = 

6 + 2 = 

8 + 2 = 

9 + 2 = 



I 4-2 = 



I 



5-2 

5 — 8 

6 — 2 

6 — 4 

7 — 2 

7 — 5 

8 — 2 
8 — 6 

10 — 2 

10 — 8 

11 — 2 
li — 9 



When 3 is one part. 



3 + 3 = — 

4 + 3 = — 
6 + 3 = — 

6 + 3 = — 

7 + 3 = — 

8 + 3 = — 

9 H- 3 = — 



•{ 6-8 = 

\ 
\ 

jlO — 

lio- 

111 

(12-8 

112- 



7 — 3 = 

7 — 4 = 

8 — 3 = 

8 — 5 = 

— 8 = 

6 = 

— 3 = 

7 = 

11 — 3 = 

8 = 



9 = 



WJien 4 is one part. 



4 4- 4 = — 

5 + 4 = — 

6 + 4 = — 

7 + 4 = — 

8 + 4 = - 

9 H- 4 = — 



.|8-4=_. 

t 9 — 4 = — 
: 9 — 5 = — 

10 _ 4 = — 
.-jlO — 6 = — 

11 — 4 = — 
■ 11 — 7= — 

12 — 4 = — 
•1l2 — 8 = — 

. (13-4= — 
•113 — 9= — 



When 5 is one part. 



5 H- 5 = — 

6 + 5 = — , 

7 + 5 = — 

8 + 5 = — , 

9 + 5 = — 



10 — 5 = 

11—5 = 
11—6 = 

12 — 5 = 
12 — 7 = 

jl8 — 5 = 
1 18 - 8 = 

j 14 — 5 = 
1 14 — 9 = 



Wh>en is one part. 

6 + 6 = — . .•.■jl2-6 = 

7 + 6 = — . .*. 113 — 7 = 

8 4-6 = — . .•.■ji4_8 = 



When 7 is one part 

7 4-7 = —. .-.114-7 

8 H- 7 = —7. .'.115 — 8 

9 4-7= — . .•."1 16 — 9 



When 8 is one part. 
8 H- 8 = — . .-.116-8 = 



9 4- 8 = -..•.{!? = « 



9 = 



94-9=—. .-.{18-9 = 



SUBTRACTION. 



SECOND STEP. 



To Perform Subtraction when JUinuend and Sub- 
trahend are represented by several Figures each, 
and no Figure in the Subtrahend exceeds in value 
the Figure in tlie same order in tits Minuend. 




1 The packages on the table are our old familiar pack 
ages of counters The hirge onea are 100 s the next la 
fflze ate ICs, and the others are single counters How 
many counters are there on the table ? Ans., 357. 

Ellen wishes to take off 234 counters. 

How many packages of hundreds will she take off? 
Then how many hundreds will remain ? 

How many packages of tens will she take off? Then 
bow many lO's will remain ? 

How many single counters will she take off? How 
many single counters will remain ? 

If therefore Ellen takes 334 counters from the 357 which 
are on the table, how many of the 357 will remain ? 
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2. Take 425 fipom 768. 

Suggestion. — As we want to take units from units, tens from 
tens, and hundreds from hundreds, if we can, it will be con- 
venient to write the numbers so that the orders of the 768 
subtrahend shall fall under the corresponding orders of ^r 
the minuend. 

Will it make any difference in this case whether we subtract the 
4 hundreds first, or the 2 tens, or the 5 units ? 

5 units from 8 units leave how many units ? 

2 tens from 6 tens leave how many tens ? 

4 hundreds from 7 hundreds leave how many hundreds ? 

Then 425 from 768 leaves how many ? 

3. From 856 take 324. Prom 743 take 531. 

To Perform Subtraction when Minuend and Subtrahend are 
represented by several Figures each, and no Figure in the 
Subtrahend exceeds in value the Figure in the same order 
in the Minuend. 

45. Rule. — /. Write the subtrahend under the minuendy 
80 that each figure shall fall under one of like order in the 
minuends 

IL Subtract each figure in the subtrahend from the one 
of like order in the minuendy and write the remainder 
underneath, bringing down any figures in the minuend 
tohich have no figures under them in the subtrahend. 

4. From 3739 take 516. From 7892 take 5321. 

Suggestions. — Taking the 6 units of the subtrahend 

from the 9 of the minuend, there are 3 in the remain- ^l^ -J?*?* 

' 616 Sub. 

der. Taking the 1 ten of the subtrahend from the 3 3223 Rsm 

tens of the minuend, there are 2 tens in the remainder. 

Taking the 5 hundreds of the subtrahend from the 7 hundreds of 

the minuend, there are 2 hundreds in the remainder. As there are 

no thousands in the subtrahend, all the thousands of the minuend 

will remain. 
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5. From 83564 subtract 303. 

How many tens are to be taken from tbe nuDuendf Then how 
maoy tens will renuin t 

6. IF 16264 is the minuend and 3150 the subtrahend, 
what is the remainder ? What is 313506 — 11406 ? 

7. If 30056 is the subtrahend and 873086 the miunend, 
what is the remainder ? What is 50003 — 5001 ? 



THIRD STEP. 

To Ferform Subtraction when Minuend and Sub- 
traliend are represented by several Figures each, 
and there is a Figure in tlte Subtrahend wJiose 
value exceeds that of the corresponding Figure in 
the Minuend. 




1. Here is Ellen with the counters again. 

How many lOO's packages are there? 

How many lO's? How many abgle counters? 

How many counters in aJl ? 

Suppose, now, that Ellen wishes to take 179 counters off 
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the table. How is she going to get the 9 single cormters ? 
If she unwraps one of the lO's packages, how many single 
counters will there then be P Can she then take out the 
9 single counters? How many single counters will re- 
main ? * How many lO'a packages will remain ? Now 
how is she to get 7 tens out? If she unwraps a lOO's 
package, how many lO's will she find in it ? How many 
lO's will there then be ? (14.) ff she now takes out the 7 
tens, how many tens will remain ? How many lOO's are 
left? What more did she wish to take out ? 

Haying done this, how many counters remain ? How 
many lOO's ? How many lO's ? How many ones ? 

2. From 562 take 237. 

SaggestionjL — Write the numbers as heretofore. How 
can we take the 7 units from the 562 ? How many units ^ff 
are there in the units order of 562 ? If we take one of the 505 
6 tens, how many units will it make together with the 2 
units? Now taking 7 units from 12, how many remain? Again, 
how many tens were we to subtract ? How many have we left from 
which to take the 3 tens? Why only 5 tens? 3 tens from 5 tens 
leave how many tens ? What remains to be taken out ? 2 hundreds 
from 5 hundreds leave how many ? 

3. Prom 4327 take 1563. 

To Perform Subtraction when Minuend and Subtrahend are 
represented by several Figures each, and there is a Figure 
in the Subtrahend whose value exceeds that of the cor- 
responding Figure in the Minuend. 

46. Rule. — /. Write the subtrahend under the minuend, 



* The method of adding 10 to the upper fignre and compensating by Increasing 
the next flgnre of the subtrahend by 1, is Ulnstrated by supposing Ellen to put 
10 more single counters on the table, and to take off 1 of the packages of 10*b, 
i. «., subtract 8 instead of 7; etc. But the method given in the text is the more 
natural, and in accord with the practice of computers, as in taking comple- 
ments, etc. 
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80 that each figure shall fall under one of the saine order 
in the minuend. 

II. Begin the work of subtraction with units, and pro- 
ceed through the higher orders in succession. 

III. When the figure in the subtrahend is not of greater 
value than the one over ity subtract the former from the 
lattery and write the remainder underneath. 

IV. When the figure in the subtrahend exceeds in value 
the one over ity add 10 to the upper y and then subtract. 
Having done thisy consider the next digit * in the minuend 
as diminished by i, observing to call each which intervenes 
in the minuend P, and then proceed with the subtraction. 

Reasons.— The reason for writing units under units, tens under 
tens, etc., is that we can take units from units only, tens from 
tens, etc., and by placing them thus we can see at a glance how 
many there are in the minuend of the particular order which we 
are subtracting. There is no reason, except custom, for putting 
the subtrahend UTider the minuend. It is often more convenient to 
put it above. 

The reason for beginning the subtraction with the units and 
proceeding in succession through the higher orders, is that we may 
have to go over our work but once. Thus in taking 158 from 473, 
if we take out the 1 hundred and the 5 tens before we do 
the 8 units, we shall have 3 hundreds and 2 tens left ; and ^^^ 

having written these in their places, we would have to 

take 1 of the 2 tens to put with the 3 units, in order to be J 

able to get the 8 units out. This would oblige us to change 

the 2 tens to 1 ten. ^^^ 

When a figure in the subtrahend exceeds in value the one over 
it, we have to take 1 of the next higher order of which there are 
any in the minuend, in order that we may be able to take out the 
number required. The reason for calling O's which intervene 9's, 
will be best seen from an example. (See next example.) 

* A figare which is not 0. 
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4. From 5800036 take 2835654. 

Explanation. — ^Taking 4 units from 6, 
aunlta remain. Ab there are not tens , ^\ ,» ^^ ,J ,3 
enough in the minuend so that we can 5 3 6 
take out 5 tens, and as there are no hun- 2 8 3 5 .6 5 4 
dreds, thousands, or ten thousands, we 2 9 6 4 3 8 2 
have to take 1 of the 8 hundred thou- 
sands. This makes 10 ten thousands and leaves 7 hundred thou- 
sands. Taking 1 of these 10 ten thousands, it makes 10 thousands 
and leaves 9 ten thousands. Again taking 1 of these thousands, it 
makes 10 hundreds and leaves 9 thousands. Finally taking 1 of 
these hundreds, it makes, with the tens, 13 tens, and leaves 9 hun- 
dreds. We can then proceed with the higher orders, and observe 
that there are 9*a where there were O's. 



Examples for Practice. 

1. What is 856432 - 648571 ? ^2564 - 1768? 

2. From 205643 take 32589. From 70542 take 30256. 

3. From 72382 take 165. From 46537 take 2006. 

4. From 523654 take 82465. From 10125 take 908. 
6. From 132406 take 65348. From 2007 take 407. 

6. From 34652 take 15836. From 548300 take 83. 

7. From 82654 take 34271. From 8001 take 750. 

8. From 10000 take 546. From 1000 take 999. 

9. Minuend 78206, subtrahend 35264 ; what is the re- 
mainder ? 

10. Subtrahend 10956, minuend 235043 ; what is the 
remainder? 

11. What is 564023 - 234560 ? 782005 - 12758 ? 

12. What is 30012 - 15461 ? 65430 - 718 ? 

13. Subtract 5056 from 100000. From 601 take 307. 

14. Take 3 from 1000. Take 208 from 10000. 

15. From 7003 subtract 1815. From 8111 subtract 88. 
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Applications. 

1. Harry had 8 rabbits^ and sold 6 of them. How 
many had he left ? 

If Harry had 8 rabbits and sold 5 of them, he had remaining 
8 — 5, or 3 rabbits. 

2. There were 11 eggs in the nest and Mary took 
out 7. How many remained ? 

3. A farmer raised 347 bushels of potatoes^ and selling 
259 bushels, reserved the remainder for his own use. How 
many bushels did he reserve ? 

4. If I borrow 17 dollars, and afterward pay 9 doUars 
on the debt, how much do I still owe.* 

5. A well was sunk through sand and clay to the depth 
of 30 feet. 6 feet was sand. How much was clay? 

6. A drover started from Texas with 2782 head of cat- 
tle. On the way to Chicago 547 of them died. How 
many remained ? 

7. A person who undertook a journey of 735 miles, has 
travelled 93 miles of the distance. What distance has he 
yet to travel ? 

8. From a farm which contained 2350 acres, 1234 acres 
were sold. How many acres remained of the original farm ? 

9. A young man received from his father 5325 dollars, 
of which he paid 2500 dollars for a house. How many 
dollars of the first sum had he remaining ? 

10. A merchant deposited 5800 dollars in bank, but 
afterwards made a draft upon it for 3270 dollars. What 
sum remained ? 

11. Suppose a fiaxmer who has 4000 bushels of wheat in 

* When tbe numbere are small the elate ehoold not be used. 
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his granary, should take out 2100 buBhela to be sent to 
market ; how many bnshek would remain ? 

13, Here are two bunches 
of grapes. In odc bunch ,-^ 
there are 22 grapes and in ,-:^> 
the other 15. If you were '" ' '' 




to pick as many from the ^'3 
larger bunch as there are 
in the smaller, how many 
would remain ? How many 
more are there in the larger 
bunch than in the smaller? 

What is the difference between the number in the larger 
and that in the smaller? 

47- The Difference between two numbers is what is left 
of the larger after the smailer is subtracted.* If the num- 
bers are equal there is no difference, or the difference is 0. 

13. John ia 15 years old, and Mary is 9. What is the 
difference between then- ages. 

14. A merchant sold 35726 dollars worth of goods one 
year, and 34718 dollars worth the nexi What was the 
difference between the sales of the two years ? 

15. America was discovered in 1492, aud the British 
Colonies declared their independence in 1776. How long 
after the discovery was the Declaration of Independence ? 

16. Sir Isaac Newton was bom in 1642, and died in 
1727. How old was he at his death ? 

• la « more enlarged aenae, ae Difference between two nnmlierB ia Ihe nnm- 
lier of nnlta which He between Ihem. Thns Uie atfference between S6 degrees 
north litltnde and 10 degrees sooth latltade Is SS degrees. Bat the conception 
givm ta tlia teit Is as broad as Is conilslent with our present purpoee. 
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17. The telescope was invented in 1608. How many 
years since that time ? 

18. Benjamin Franklin died in 1798, and was 84 years 
old at his death. When was he bom ? 

19. The art of printing was inyented in 1449. How 
many years since its invention ? 

20. The area of the Chinese Empire is 4695334 square 
miles, and the area of the United States is 3578392 square 
miles ; how much greater is the Chinese Empire than the 
United States ? 

21. If I buy a horse for 137 dollars, and sell it for 225 
dollars, how much more do I get for it than I paid ? 

48. When we sell an article for more than we paid, 
what we get for it more than what we paid is called Gain. 
If we sell it for less than we paid, what the selling price 
lacks of being as much as we paid is called Loss. 

22. John bought a sleigh for 87 cents, and sold it for 65 
cents. Did he gain or lose ? How much ? 

23. Bought a cow for 58 dollars, and lost 17 dollars in 
selling her. How much did I sell her for ? 

24. Bought a horse for 139 dollars, and sold it for 250 
dollars. What was my gain ? 

25. Bought cloth for a coat which cost 17 dollars, and 
handed the salesman a 50-dollar bill. How much change 
must he give me ? 

49. The character $ signifies dollars, and is placed 
before the number. Thus $17 is read "17 dollars." 

26. If I buy a horse for $175 and sell it for $225, do I 
gain or lose ? How much ? 



27. Bought 2 pieces of cloth for $112 each, and sold 
them for $320. Did I gain or lose ? How much ? 
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28. Bought 2 yards of cloth for 17 a yard, and gave 
the salesman a 120 bill. How much change must he 
give me ? 

29. How old is a man in 1875 who was born in 1832 ? 
One who was born in 1827 ? 

30. How long is it since the Declaration of Independence 
by the United States ? (See Ex. 13.) 

31. How old are you ? From this how do you find in 
what year you were bom ? 

32. It is now 8 o'clock in the morning. How long is it 
to noon ? How long since 3 o'clock this morning ? 

33. Borrowed of my neighbor at one time $175, at 
another 1340, and at another $520. Having paid him 
$685, what balance have I yet to pay ? An8.y $350. 

34. Put in store at one time 500 pounds of hemp, at 
another time 3800 pounds, and at another 2006 pounds. 
Having withdrawn 3473 pounds, what quantity remains in 
store ? Ans.j 2832 pounds. 

35. A merchant bought flour at one time for $325, and 
at another time for $460. Having become damaged, the 
whole was sold at a loss of $184; for what sum was it 
sold? 

36. A man's annual income is $3700. His family ex- 
penses are $2500, and he bestows for benevolence $370 a 
year, and invests the remainder. How much does he 
invest ? 

37. A man owed $2000, on which he made 3 payments 
of $375, $580, and $260, respectively. How much re- 
mained unpaid ? 

38. William has 75 cents more than James, and 125 
cents less than Henry, who has 420. What is the number 
of cents which they all have ? Ans., 935. 
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39. If one part of 13 is 7, what is the other part ? 

40. A man has a fiEmn of 400 acres. Part is woodland 
and part is coltiyated. The former part is 125 acres; 
how much is the latter? 

41. If the remainder is what is left of the minnend after 
taking the subtrahend out^ what do the remainder and 
subtrahend when added together make ? 

As the remainder is one part of the minuend and the 
subtrahend the other, what will you obtain by taking the 
remainder out of the minuend ? 

50, Any device by which we may test the accuracy of 
an operation in arithmetic by some other operation is 
called a Proof of the work. 

Proof of Subtraction. — Subtraction may be proved 
by adding the remainder to the subtrahend ; and if the 
work is right, the sum will equal the minuend. 

Or, we may prove subtraction by taking the remainder 
from the minuend ; and if the work is right, what is left 
will be equal to the subtrahend. 

[The pupil should give the reasons.] 

42 to 45. Solve the following examples, and prove them 
in both the above ways : 

(42) (48) (44) (45) 

528643 500608 182005 517000 

216805 23471 37050 134056 

46. The sum of 3 numbers is 5208. Two of the num- 
bers are 1250, and 2340. What is the third ? 

47. A man paid $5347 for a farm, implements, and 
stock. The implements cost $500, and the stock $2100. 
What was the cost of the land ? 

48. The difference between two numbers is 117, and the 
less number is 375. What is the greater ? 
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MULTIPLICATIOJf. 

FIRST STEP. 

To Ascertain the Product of any Number not greater 
than 12, Multiplied by any Number not gretiter 

than iteetf. 

1. What is the man in the picture doing? How many 
eggs has he in his hand ? If he takes 3 eggs at a time, 
how many will he have in hiB dish when he has taken 4 
times ? 3+3 + 3 + 3 = how many ? 

3. If the man should use both hands and take out 5 
eggs at a time, how many would he have when he had 
taken 3 times ? 5 + 5 + 5 = how many ? 
i times 3 are how many ? 
3 times 6 are how many ? 

3. 2 + 2 + 3 + 2 = how many ? 
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2 + 2 + 2 + 2 = how many times 2 ? 
4 times 2 are how many ? 

In this example how many times has 2 been taken ? 
What number has been taken 4 times? 
What number does 2 taken 4 times make ? 

61. The number which is taken a certain number of 
times is called the Multiplicand. 

The number which tells how many times the Multipli- 
cand is to be taken is called the Multiplier. 

The number which tells how many a certain number of 
times a given number makes is called the Product. 

Thus when I say "3 times 5 are 15/' 6 is the Multipli- 
cand, 3 is the Multiplier, and 15 is the Product 

62. The sign x is called the Sign of Multiplica- 
tion, and is read " Times J' Thus 4 x 3 is read " 4 times 
3/' 3 X 5 is read " 3 times 5." 

4. 6 + 6 + 6 = how many? 

6 + 6 + 6 is how many times 6 ? 

3 times 6 are how many ? 3x6 = what ? 

What is the multiplicand in this example ? What the 
multiplier ? What the product ? 

6. When you know that 4 times 7 are 28, how can you 
find how many 5 times 7 are ? How can you find 6 times 
7 when you know 5 times 7 ? 

6. If you have added 6 and 6, and found what 2 times 
6 are, how many times will you have to add 6 to this to 
make 3 times 6 ? 

7. To Multiply 4 by 6 is to take 6 times 4. What is the 
product of 7 multiplied by 3 ? By 4 ? By 5 ? 

8. What is meant when we speak of multiplying 4 
by5? 

9. If you multiply 8 by 6, what is the product ? 
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To Ascertain the Product of any Number not greater tiian X2, 
Multiplied by any Number not greater than itself. 

63. 'RvlQ.'^Add the muUipliccmd to itself until it is 
taken as many times as are indicated by the multiplier. 

10. How many are 5 times 3; that is^ how many are 
3+3+3+3+3? 

11. In this manner fill out the following table after 
having copied it on your slate : 

MULTIPLICATION TABLE. 



1 X 1* = — 

1x2 = 
1x3 = 
1x4 = 
1 X 5 = — 
1x6- — 
1 X 7 = — 
1 X 8- — 
1 X 9 = — 
1 X 10 = 
1 X 11 = — 
1 X 12 = 


2x2=- 
2x3 = 

2x4 = 
2x5 = 
2x6 = 
2x7 = 
2x8 = 
2x9 = 
2 X 10 = 
2 X 11 = 
2 X 12 = 


3x3- — 
3x4 = 
3 X 5= — 
3x6 = 
3x7 = 
3 X 8 = — 
3x9 = 
3 X 10 = - 
3 X 11 = — 
3 X 12- 


4x4 = 
4x5 = 
4x6 = 
4x7 = 
4x8 = 
4x9 = 
4 X 10 - — 
4 X ll = — 
4 X 12- 


5 X 6 = — 
5 X 6 = — 
5 X 7- — 
5x8 = 
5x9- 
5 X 10 = 
5 X 11 = 
5 X 12 = — 


6x6- 
6x7 = 
6x8 = 
6x9 = — 
6 X 10 = 
6 X 11 = 
6 X 12 = — 


7x7 = 
7 X 8 = — 
7x9- 
7 X 10 = — 
7 X 11 = 
7 X 12 - — 


8 X 8 = — 
8x9 = 
8 X 10 - — 
8 X 11 = 
8 X 12 = 


9 X 9 - — 
9 X 10 = — 
9 X 11 = 
9 X 12 = — 


10 X 10 = — 
10 X 11 = 
10 X 12 = 


11 X 11 = 
11 X 12 = — 


12 X 12 = — 



12. Commit this table thoroughly to memory. 



• Read these, ** once 1 is 3," " 2 times % are 4,'' "a times 8 are 6," etc 
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13. Test your knowledge of the preceding table by 
seeing if you can answer the following, at oncCy without 
adding : 

5x7? 7x8? 3x4? 2x7? 8x9? 9x11? 

8x12? 4x7? 5x8? 2x12? 6x9? 7x12? 

6x9? 3x11? 8x10? 11x11? 5x5? 4x4? 

7x10? 6x7? 7x11? 8x12? 12x12? 4x8? 



SECOND STEP. 



To Ascertain the Product of any Number not greater 
than 12 9 Multiplied by oTiy Number greater than 
itself, and not greater tJian 12. 

1. How many stars are there in ***** * 
one of these columns f How many ****** 
columns are there ? If there are 7****** 
stars in one column, how many are ****** 
there in 6 columns ? 6 times 7 are ***** * 
how many ? ****** 

How many stars are there in one ****** 
of the roivs from left to right ? How many such rows ? 
If there are 6 stars in a row and 7 rows, how many stars 
in all ? Then 7 times 6 are how many ? 

What is the difference between 6 times 7 and 7 times 6 ? 

2. 3 times 4 are how many ? Make 3 columns with 4 
stars in each, and show it. 

Then 4 times 3 are how many? How can you show 
from your 3 columns of stars, with 4 in a column, that 
3 x 4 is the same as 4 x 3 ? 

3. 3 X 8 are how many ? Then 8 x 3 are how many ? 



64 
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To Ascertain the Product of any Number not greater than Z2, 
Multiplied by any Number greater than itself and not 
greater than Z2. 

64. Rule. — Observe^ from your knowledge of the Mul- 
tiplication TabUy what the product of the greater of the 
tioo numbers by the less is, and then remember that this is 
the same as the product of the less by the greater. 

4. How many are 7 times 4 ? 

Suggestion.— Think how many 4 times 7 are * 

5. How many are 8 times 3?5x4? 7x6? 4x2? 
6x4? 11 X 6? 12 X 8? 12 X 7? 

6. Copy on your slates and fill out the following : 



7x5 = 




3x2 = 


9 X 8 - — 


9x4 = 


6x3 = 




2x1 = — 


9x5- 


9x1 = 


5x3 = 




4x1 = 


9x3 = 


10 X 5- 


8x6- 




5x3= — 


7x2 = 


12 X 1 = 


8x4 = 




6x1 = 


8x2 = 


10 X 10 = 


9x6 = 




9x7 = 


6x2 = 


11 X 9 = 


12 X 8 = 




11 X 5 = 


12 X 10 - 


8x5 = 


12 X 11 = 


— 


10 X 6 = 


12 X 12 = 


11 X 3 = 


10 X 8 = 




12 X 9 = 


12 X 6 = — 


12 X 2 = 


11 X 7 = 




12 X 7 = 


12 X 4 = 


12 X 3 = 


3x1 = 




4x3 = — 


4 X 2 - — 


5x4 = 


5x1 = 




5x2 = 


6x4 = 


7 X 4 = — 


6x5 = 




7x1 = 


7x3 = 


8 X 5 = — 


7x6 = 




8x1 = 


8x3 = 


10 X 1 = 


8x7 = 




9x2 = — 


10 X 2 - — 


10 X 7 = — 


10 X 4 = 




10 X 3 = 


10 X 5 = 


11 X 4 = 


10 X 9 = 


— 


11 X 1 = 


11 X 2 = — 


12 X 5 = — 


11 X 5 = 


— 


12 X 8 - — 


12 X 6 = — 12 X 10 = — 



[ThiB win afford a driU ezerciBe, the teacher repeating what is written, and the 
pupils, indiyidnally or in concert, tUling in the blank. Thus the teacher says 
" 7 times 6,"— the pupil says " 86 ; " teacher, " 6 times 8," pupil, " 18," etc.] 



* Of course the pupil needs to know the product of a less number by a greater 
as a tMt of memory ; but this will be attained without special effort. 
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7. If Jane goes to the table 4 times and gets books 
each time^ how many books will she get in the 4 times? 
4 times = how many ? 

8. How many are 3 times 0? 8x0? 12 xO? Any 
number of times ? 

9. Copy the following on your slates, and write the pro- 
duct under each : 

466839 10 11 7746 
372389 10 11 7687 



9 


7 


6 


7 


3 


6 


8 


6 7 9 


4 


8 


8 


9 


8 


4 


J 


9 


_9 


12 12 12 


_7 


J 



66. The Factors of a number are those numbers 
which multiplied together produce it. Thus 2 and 3 are 
the factors of 6, because 2x3 = 6. 

10. Of what number are 6 and 3 the factors ? 7 and 2 ? 
3 and 4 ? 

11. What are the factors of 8 ? Of 10 ? Of 12 ? Of 9 ? 
Of 6? Of 18? 

12. If 3 is one of the factors of 12, what is the other? 

3 times what number makes 12 ? 

13. If 4 is one of the factors of 28, what is the other? 

4 times what number makes 28 ? 



THIRD STEP. 

Three Principles on which the General Problem in 

Multiplication is based. 

1. How many groups of 4 stars 
each are there in the first row ? ** ** ** 
How many in the second row ? «« ** ** «« ** 
How many 4's are 3 4's and 5 4's ? 
3 times 4, and 5 times 4 are how many times 4 ? 
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3 times 4 and 5 times 4 are how many ? 

2. Four times 6 and 3 times 6 are how many times 6 ? 
How many are 4 times 6 ? How many are 3 times 6 ? 

24 and 18 are how many ? 
Then how in this way can you get 7 times 6 ? 

3. Find out how many 7 times 8 are by taking 2 times 
8 and 5 times 8. 

4. If you have 6 times any number, how many more times 
that number must you take to make 9 times the number ? 
Find out how many 9 times 7 are by taking 6 times 7 and 
3 times -7. 

Principle I. 

56. One number may be multiplied by another by mul- 
tiplying the multiplicand by the parts of the multiplier 
and adding the products. 

5. Find how many 11 times 8 are by first taking 5 
times 8, and then 6 times 8. 

6. If you take 5 times a number, how many more times 
must you take it to make 8 times the number? Find by 
this principle 9 times 12. 

7. Find 8 times 7 by first taking 3 times 7. 

8. Find 12 times 9 by first taking 4 times 9. 

9. Find 12 times 7 by first taking 10 times 7. 

10. Find 12 times 8 by first taking 2 times 8. 

11. Find 13 times 9 by first taking 3 times 9. 

12. Find 9 times 8 by taking 4 times 8, 3 times 8, and 

2 times 8. 

13. Find 12 times 7 by taking 4 times 7, 5 times 7, and 

3 times 7. 

14. If you take 3 times 7, and 2 times 7, and 8 times 7, 
and add the products, how many times 7 have you ? 
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15. Find 14 times 9 by taking 3 times 9, '4 times 9, 5 
times 9, and 2 times 9. 



XX 


*% 


u 


*% 


XX 


*** 


XX 


*% 


tx 


*** 



1. Four stars and 3 stars are how many 
stars ? If we have 5 4's and 5 3's, how 
many 7's have we? 5 times 4 are how 
many ? 5 times 3 are how many ? 

Then from this how many are 6 times 7 ? 

2. Since 5 is 3 and 2, if we take 4 times 
3 and 4 times 2, what number shall we 
have taken 4 times? Find 4 times 5 in 
this way. 

3. Find 8 times 11 by taking 8 times 6 and 8 times 5. 

4. Find 7 times 9 by taking 7 times 5 and 7 times 4. 
Also by taking 7 times 6 and 7 times 3. 

Principle II. 

57. One number may he multiplied hy another by mul- 
tiplying the parts of the multiplicand by the multiplier^ 
and adding the products. 

5. Find how many 8 times 13 are by taking 8 times 3 
and 8 times 10. 

6. Find how many 7 times 17 are by taking 7 times 7 
and 7 times 10. By taking 7 times 8 and 7 times 9. 

7. Find how many 9 times 11 are by taking 9 times 2, 
9 times 3, and 9 times 6. 

8. Find how many 8 times 9 are by taking 8 times 2, 
8 times 3, and 8 times 4. 

9. Find how many 7 times 16 are by taking 7 times 6 
and 7 times 10. 

10. Find how many 6 times 18 are by taking 6 times 8 
and 6 times 10. 
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1. How many times 5 stars are :,. ^ « ^ ^ 4c 
there in the first row ?• How many * * * * * * 
times 3 times 5 stars are there in 

both rows? 2 times 3 times 5 stars ^*^ ^♦^ ^% 
make how many times 5 stars ? 

2 times 5 are how many ? 3 times 10 are how many? 
Then how many are 6 times 10 ? 

Two times 3 times a number are how many times the 
number ? 

2. If you picked 4 quarts of currants in the forenoon 
and 4 quarts in the afternoon, how many would you pick 
in a day? How many in 5 days ? 

How many times 4 quarts would you pick in 5 days ? 
5 times 2 times 4 make how many times 4 ? 

3. Four times 2 times 6 make how many times 6 ? 2 
times 6 are how many ? 4 times 12 are how many ? Then 
from this how many are 8 times 6 ? 

Principle III. 

58. One number may he multiplied by another by mul- 
tiplying successively by all the factors of tJie multiplier; 
that is, by multiplying the multiplicand by one of the 
factors, and this product by another, and so on. 

4. Multiply 2 by 12 by multiplying successively by 3 
and 4. By multiplying successively by 2 and 6. 

5. Multiply 3 by 21 by multiplying successively by 3 
and 7. 

6. Multiply 4 by 9 by multiplying successively by 3 and 3. 



1. If we write at the right of 4, what does it make ? 
How many times 4 is 40 ? 

2. If we write at the right of 5, what does it make ? 
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How many times 5 is 50 ? What does it do to a number 
to write a at the right of it ? 

3. To multiply 7 by 10 what have we to do ? 

4. If we write two O's at the right of 4, what does it 
make ? How many times 4 is 400 ? 

5. K we write two O^s at the right of 3, what does it 
make ? 300 is how many times 3 ? What then does it do 
to a number to write two O's at the right of it ? 

6. In 23 what order is the 3 ? What the 2 ? If now I 
annex two O's, thus, 2300, what is the 3 ? How many 
times what it was before ? What is the 2 ? How many 
times what it was before ? 

7. K I annex three O's to 4, what does the 4 then 
represent ? 4000 is how many times 4 ? 

Principle IV. 

69. To multiply by 10, 100, 1000, or 1 with any num- 
ber of O's annexed^ annex as many O's to the multiplicand 
as there are in the multiplier. 

8. In this way multiply 7 by 10. By 100. By 1000. 
By 10000. 

9. In the same way multiply 37 by 10. By 100. By 
1000. By 10000. By 1000000. 



FOURTH STEP. 



To Multiply a Number represented by several Fig^ 
ures by anotJier represented by One Figure, 

1. 2 hundreds and 3 tens, and 4 units are the parts of 
what number ? 

Then by what principle will 3 times 2 hundreds, and 3 
tens, and 2 units be 3 times 234 ? 
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' 3 times % hundreds, and 3 tens, and 4 units are how 
many hundreds, tens, and units ? 
Then 3 times 234 are how many ? 

2. 2 hundreds, 3 tens, and 4 units are the parts of what 
number? 

Then by the 2(1 Principle, how many are 2 times 234 ? 
2 times 2 hundred are how many hundreds ? 2 times 

3 tens are how many tens ? 2 times 4 units are how many 
units ? 

3. In like manner find how many 3 times 322 are ? 
Does it make any difference whether we take 3 times 

the 3 hundreds, then the tens, and then the units, or reverse 
the order ? Try it both ways. 

4. How many are 4 times 212 ? 

Write the multipUer under the multiplicand 212 

as in the margin, and write the product under- 4 

neath, thus : 848 

5. In hke manner perform the following : 

122 241 123 121 321 

3 2 2 4 2 

6. Multiply 347 by 6. 

Suggestions. — Writing the multiplier under the mul- q^;^ 

tiplicand, so that we may see them both at the same time 6 

conveniently, we observe that 6 times the 8 parts of which 

the multiplicand is composed make 18 hundreds, 24 tens, and 

24 units. If now we were to take 6 times the 8 hundreds first, 

and write down this product, 18 hundreds, we should be 

347 
obliged to change the figures when we came to add in 6 ^ 

times the 4 tens, or 24 tens, for this makes 2 hundreds and Jg 

4 tens, so that we should have 20 hundreds instead of 18. 

If, however, we begin with the units part of the multiplicand, 
and take the parts in succession from the lowest order to the 
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Iiigliest, and if the product arising from multiplying any lower 
order makes any of the next higher order, we shall know it, and 
be able to add it as we go along, without the necessity of 
changing the figures after we have once written them. ®^J 
Thus 6 times 7 units are 42 units, or 4 tens and 2 units. — » 
Writing down the 2 units so as to remember them, we keep 
the 4 tens in mind to be added to the 6 times 4 tens. Now 6 times 
4 tens are 24 tens, and adding the 4 tens wliich came from 6 times 
the 7 units, we have 28 tens, or 2 hundreds and 8 tena As 
before, writing down the 8 tens and holding the 2 hundreds 347 

in mind, we take 6 times the 3 hundreds, and finding that r 

it makes 18 hundreds, add the 2 hundreds which arose 
from the tens, and have 20 hundreds, or 2 thousands and 347 

hundreds. Writing these down, we have the product of 5 

6 times 847, since we have multiplied the parts of 347 by ^^^^ 
6, and have added the results. 

7. Multiply 587 by 4. Prod., 2348. 

8. Multiply 326 by 9. 

To Multiply a Number represented by several Figures by 
another represented by One Figure. 

60. Rule. — Write '(he multiplier under the units figure 
of the multiplicand, and beginning with the units, mul- 
tiply each figure of the multiplicand successively by the 
multiplier, observing that when any order is multiplied, 
only that part of the product which is of this order is 
to be written down, while the other part is to be held in 
mind to be added to the product arising from multiplying 
the next figure. 

Reasons. — There is no reason except custom for writing the mul- 
tiplier uTider the multiplicand. It would be just as well to write it 
acer. (Try it.) We do, however, want them so near each other 
that .we can see them both at a glance, and so it is convenient to 
write one of them under the other. It is not necessary that the 
multiplier be written under the units of the multiplicand. The 



n 
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process of multiplying gives the correct product, because we mul- 
tiply all the parts of the multiplicand by the multiplier, and add 
the resulting products. Principle II. We begin at units to mul. 
tiply, because by multiplying the lower orders first, we can discern 
how many the product of any lower order by the multiplier will 
make of the next higher order, and thus add it in as we go along, 
and not have to change our work. 

9. Multiply 756 by 3. 
10. Multiply 8027 by 5. 
Perform the following : 



11. 


12. 


18. 


14 


15. 


16. 


382 


5876 


8546 


502 


246025 


512704 


6 


4 


7 


9 


5 


8 


17. 


18. 


19. 


20. 


21. 


22. 


648 


1082 


5050 


73046 


10708 


980789 


7 


9 


4 


3 

» 


2 


9 






FIKl'H STEP. 







To MiUtiply a Number represented by several Fig^ 
ures by a Number represented by several Digits. 

1. If we take a number 4 times, and 3 tens (30) times, 
and 2 hundreds times, and add the results, how many 
times shall we have taken the number? By what prin- 
ciple ? 

2. Since 3 tens, or 30, is 10 x 3, if we multiply a num- 
ber by 3 and then this product by 10, how many times the 
number shall we have ? By what principle f 10 times 3 
times anything makes how many times that thing ? 

How do you multiply a number by 10 ? 4th Principle. 

3. Since 2 hundreds, or 200, is 100 x 2, if we multiply 
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any number by 2 and then this product by 100, how many 
times the number shall we have ? By what Principh f 
100 times 2 times anything makes bow many times that 
thing? 

How do you multiply by 100 ? 4:th Principle. 

4. Let us now multiply 576 by 234. 

BzplanatioiL — ^As we have just seen, we want to take 

4 times 576, 10 thnes 8 times 676, and 100 times 2 times ^'^^ 

676, and add the results. ^^ 

4 times 576 is 2804 

8 times 576 is 1728, and 10 times this is . . 17280 

2 times 676 is 1152, and 100 times this is . . 116200 

Hence 284 times 576 is 184784 

6. Multiply 497 by 342. 

Eiq>lanatioiL 842 is 800+40 + 2 Hence we are to take 2 
times 497, 40 times 497, and 800 times 497. To get 2 times 497, we 
multiply by 2. To get 40 times 497, we take 10 times 4 
times 497. To get 800 times 497, we take 100 times 8 497 

times 497. 842 

2 times 497 is 994 

4 times 497 is 1968, and 10 times this is . . . 1988 

8 times 497 is 1491, and 100 times this is . . . 1491 

Hence 842 times 497 is . . . . 169974 

In this work we did not write the units figure of 
19680, but wrote it0 fens, hundreds, thousands, and ten thousands 
in their proper places without the 0. So we neglected the two O's 
of 149100, observing to write the digits in their proper orders with- 
out these O's. 

To Multiply a Number represented by several Figures by a 
Number represented by several Digits. 

61. Sule* — L Write the multiplier under the midti- 

plicand, so that the orders in the multiplier shall fall 

under like orders in the multiplicand, 
4 
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IL Beginning with the units of the muUipliery multiply 
the multiplicand by each of the figures of the multiplier in 
succession, observing to write the first figure in each pro- 
duct under the one by which you are multiplying. 

IIL Add fhese products. 

Reasons. — ^We write the multiplier under the multiplicand as a 
matter of custom ; it would do just as well to write it above. But 
we want both multiplier and multiplicand where we can see them 
at a glance. 

We multiply first by the units also because it is customary. It is 
just about as convenient to use the highest order in the multiplier 
first. 

When we multiply by the tens figure, we get as many times the 
multiplicand as this figure indicates, and then by moving this pro- 
duct one place to the right, we multiply it by 10 ; thus we multiply 
the multiplicand successively by the factors of this part of the mul- 
tiplier. 

In like manner we multiply by the factors of the hundreds part 
of the multiplier, etc., according to Principles III. and IV. 

Finally, having multiplied the multiplicand by the parts of the 

multiplier, we add the^e products together, and so have a number 

which is as many times the multiplicand as are indicated by the 

multiplier, by Proposition L 

3587 
5. Multiply 3587 by 5462. . 6462 



r 7174 



21 '522 
These are often called partial products. < 14348 

[ 17935 



19592194 

62. Multiplication is the process of finding the 
product of two numbers from a knowledge of the product 
of the digits, two and two, or by means of the Multiplica- 
tion Tables 

It is to be observed that there are ^Ar€6 ways of finding how many 
a certain number of times a given number makes, viz., by counting, 
by adding, and by the process we caU Multiplication. 
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Examples for l^ractice. 

1. Multiply 3456 by 74. Prod., 255744. 

2. Multiply 345 by 34. 

3. Multiply 234 by 26. 

4. Multiply 345 by 789. 
6. Multiply 1367908 by 144. 

6. Multiply 643 by 254. 

7. Multiply 3407 by 682. 

8. Multiply 781 by 23. 

9. Multiply 5807 by 19. 

10. Multiply 7005 by 37. 

11. Multiply 850407 by 3789. 

12. Multiply 23456789 by 14. 

13. Multiply 65432 by 15. 

14. Multiply 8429638 by 7294. 

15. Multiply 7364951 by 888. 

16. Multiply 653842 by 18. 

17. Multiply 603040 by 19. 

18. Multiply 364812 by 71. 

19. Multiply 482436 by 81. 

20. Multiply 2468 by 91. 

21. Multiply 6739542 by 346. 

22. Multiply 72926495 by 4567. 

23. Multiply 123456 by 16. 

24. Multiply 437426 by 17. 

25. Multiply 89764267 by 999. 

26. Multiply 46371674 by 49684. Prod, 2303930251016. 

27. Multiply 4364369 by 51. Prod., 222582819. 

28. Multiply 6937845 by 61. Prod., 423208546. 

29. Multiply 36598674 by 432. Prod., 15810627168. 

30. Multiply 46354897816 by 66843. 



Prod., 272205. 

Prod., 195538752. 

Prod., 137922. 

Prod., 2323574. 

Prod., 110333. 

Prod., 259185. 

Prod., 3222192123. 

Prod., 328395046. 

Prod., 61485779572. 

Prod., 6540076488. 

Prod., 11769156. 

Prod., 25901652. 

Prod., 224588. 
Prod., 2331881532. 

Prod., 1975296. 

Prod., 7436242. 

Prod., 89674502733. 
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31. Multiply 6847 by 207. 

Suggestion. 207 is 200 and 7. Hence we are to 6847 

take 7 times 6847, which is 47929, and 100 times 2 ^^ 

times 6847 ; that is, 18694 multiplied by 100, or written i3«94^^ 
two places to the left. Hence we see that the in ' 1417329 
the multiplier makes no exception to the rule that we 
are to write the first figure of each partial product under the figure 
in the multiplier by which we multiply to produce it. As we have 
no tens in this example, we skip that order in multiplying. 

32. Multiply 30257 by 2305. Prod., 69742385. 

33. Multiply 587640 by 4008. Prod., 2355261120. 

34. Multiply 380900 by 301. Prod., 114650900. 

35. Multiply 4008 by 4Q08. Prod., 16064064. 

36. Multiply 808058 by 808058. 

Prod., 652957731364. 



SIXTH STEP. 

When there are O^s at the right of either Multiplier 

or MiUtiplicaud, or of both. 

1. 2 times 4 hundreds are how many hundreds? 10 
times 8 hundreds are how many hundreds? 

2. Multiply 300 by 40. 

Suggestions. 4 times 3 hundreds are 12 hundreds ; and 10 times 
12 hundreds are 120 hundreds, which is written 12000. Hence 
40 X 300 = 12000. 

To Multiply when there are 0*s at the right of either the 
Multiplier or Multiplicand, or of both. 

63. Rule. — Neglect the Vs at first, and multiply as 
though there were none. To the product thus obtained 



MULTIPLICATION. . Tl 

annex as many (fs as there are at the right of both mulr 
tipUer and multiplicand. 

3. Multiply 38400 by 260. 

ZSzplanation. 88400 may be coneddered as 384 hun- 30400 
dreds, and 260 as 10 times 26. Hence we may first take 260 
260 times 384. This we can do by taking 26 times 384, 2304~ 
which is 9984, and then 10 thnes this product. This '^^ 
gives 99840, which is 260 times 384 hundreds, or 99840 ^^^^ 
hundreds. This is written 9984000. 

Queries. — Why could we neglect the two O's in 88400 ? Anstoer. 
Because we could remember that the 384 was hundreds without 
them. Why could we neglect the at the right of 260 ? Ansioer. 
Because as we wished to multiply 384 hundreds by 260, we could 
do it by multiplying successively by the factors 26 and 10, and 
neglecting the gives us the factor 26 to multiply by. Why do we 
annex three O's to the product of 384 by 26 ? Ansioer, We annex 
one to multiply by the factor 10 of 260 ; and the other two O's 
because the result is hundreds. 

4. Multiply 75800 by 5600. 

5. Multiply 308000 by 1280. 

6. Multiply 5864 by 300. 

7. Multiply 280050000 by 80. 

8. Multiply 5000 by 700. 

Do this and the following without slate and pencil (mentally), and 
explain the operation. 

9. Multiply 1200 by 40. 

10. Multiply 11000 by 600. 

11. Multiply 80 by 90. 60 by 50. 

Explanation. 60 is 6 tens. We then wish to multiply 6 tens by 
50. This can be done by multiplying successively by the factors 5 
and 10. Thus 5 times 6 tens are 30 tens, and 10 times 30 tens are 
300 tens. But 300 tens are 3000. Hence 50 x 60 = 3000. 
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Applications. 

1. George bought 7 lemons at 6 cents each. How much 
did they cost ? 

If each lemon cost 6 cents, 7 lemons cost 7 times 6 cents, which is 
42 cents. 

2. If I pay $7 a cord for wood, how much will 3 cords 
cost me ? 

3. If I pay %% a cord for wood, how much will 12 cords 
cost me ? 23 cords ? 

If each cord costs $6, 23 cords will cost 23 times |6. But since 
6 times 23 is the same as 23 times 6, 1 will use the 6 as the multi- 
plier, it being more convenient. 

Or, at $1 a cord 23 cords cost $23 ; but at $6 a cord they cost 6 
times as much, or 6 times $23, which is $138. 

4. At $8 a barrel, what do 5 barrels of flour cost? 7 
barrels ? 10 barrels ? 30 barrels ? 256 barrels ? 3428 
barrels ? [Use the slate for the last two only.] 

5. How much will 14 cords of wood cost at 550 cents a 

cord? 

6. How much will 7 acres of land cost at $128 an acre ? 
How much will 37 acres cost at the same rate ? 

7. A boy lived 4 miles from the village, and used to go 
there and back every day in the week except Sunday. 
How far did he travel in so doing in 1 week ? 

Ans.y 48 miles. 

8. Mary bought 13 yards of calico at 17 cents a yard, 
and 5 spools of thread at 6 cents a spool. How much did 
she pay for both ? Ans.y 251 cents. 

9. How many hundreds in 251 ? A dollar is 100 cents. 
How many dollars in 251 cents? How many cents be- 
sides? 



MULTIPLICATION 79 

2 dollars and 51 cents are written $2.51. As the (2 is 2 hundred 
cents, we can write $2.51, 251 cents. What is $5.31 ? How many 
cents? $15.45 are how many cents? 2347 cents are how many 
dollars and cents ? How written ? What is $341.20 ? 

Since dollars are just hund/reda of cents, we can multiply numbers 
representing dollars and cents the same as other numbers, and the 
tens and units of the product will be cents, and the other figures 
dollars. • 

10. At $5.37 a baarel, how much will 24 bar- $5.87 

24 
rels of flour cost ? -jrrTo 

2148 
We do this thus : 1074 

$128.88 

11. At $3.75 a cord, how much will 58 cords of wood 
cost ? 20 cords ? 200 cords ? Answer to the lasty $750. 

Use the slate for the first of these only. 

12. If it costs on an average $2527 a mile to build a 
certain railroad, how much will it cost to build 288 miles ? 

Ans.y $727776. 

13. At $5.25 a yard, how much will 11 yards of cloth 
cost ? 13 yards ? 5 yards ? 250 yards ? 

Answer to last, $1312.50. 

14. I bought a work in 4 volumes, which cost $8.64 a 
volume. How much did the work cost? 

15- There are 24 hours in one day, f. e., a day and night 
How many hours in a week ? How many in 4 weeks ? 
How many hours in a month of 30 days ? A month of 31 
days? 

16. There are 60 minutes in an hour. How many 
minutes in a day (24 hours) ? 

17. There are 12 inches in a foot. How many inches 
in a yard, a yard being 3 feet? 

18. There are 2 pints in a quart, and 8 quarts in a peck. 
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How many pints in a peck? There are 4 pecks in a 
bushel. How many pints in a bushel ? 

Anstoer to last, 64 pints. 

19. At 15 cents a quart, how much does a bushel of 
strawberries cost? 

20. At 13 cents a pound, how much do 3 pounds of 
beefsteak cost ? 5 pounds ? 7 pounds ? 8 pounds ? 



21. A drover bought 256 horses at an average of $125 
each, 347 oxen at $87 each, and 250 sheep at $3 each. 
How much did all cost him ? Ans^y $62939. 

22. A has 395 acres of land, worth $27 an acre; and B 
has 493 acres, worth $19 an acre. What is the value of 
both of their ferms ? Ans., $20032. 

23. A merchant bought 12 boxes of linen, each contain- 
ing 25 pieces, and each piece containing 36 yards, at 65 
cents a yard. How many pieces and how many yards did 
he buy, and how many dollars did it all cost him ? 

Ans.y $7020. 

24. A merchant bought 25 pieces of broadcloth, each 
piece containing 48 yards, at 9 dollars a yard. How much 
did he pay for the whole? 

25. If a steamship can sail 18 miles in 1 hour, how far 
can she sail in 34 days of 24 hours each ? 

26. John bought 3 pencils at 7 cents each, and handed 
the salesman 25 cents. How much change must he re- 
ceive? 

27. Bought 3 oranges at 8 cents each, and a melon at 
12 cents, and handed the grocer 50 cents. How much 
change must he give me back ? 

28. A woman brought 27 dozen eggs and 37 pounds of 
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butter to market. She sold her eggs at 17 cents a dozen^ 
and her batter at 32 cents a pound. She bought 1 pound 
of tea at $1.25^ 5 pounds of sugar at 15 cents a pounds and 
8 pounds of coffee at 39 cents. How much more did she 
get for her eggs and butter tlian her tea, sugar, and coffee 
cost her? Ans.^ $11.31. 

29. There is an orchard consisting of 126 rows of trees, 
and in each row are 109 trees. How many apples in the 
orchard, allowing an average of 1007 on a tree ? 

An8.j 13830138 apples. 

30. A certain state contains 50 counties; each county, 
35 towns; each town, 300 houses, and each house, 8 per- 
sons. What is the population of the state ? 

An8.y 4200000. 

31. A man bought a farm of 450 acres for $75 an acre, 
and spent $2500 in improvements. He then sold it at $80 
an acre. Did he gain or lose ? How much ? 

Ans.j He lost $250. 

32. A farmer purchased a farm of 325 acres, at 45 dol- 
lars per acre, and made a payment of 875 dollars. In 
order to make another payment, he sold 75 acres at 58 
dollars per acre. How much did he owe on his farm after 
the second payment was made? Ans,^ 9400 dollars. 

33. If a young man's salary is 600 dollars per year, of 
which he takes 45 dollars to purchase books, and 300 dol- 
lars for board and other expenses, how much money will 
he have at the end of 7 years ? Ans.^ 1785 dollars. 

34. At 55 dollars per ton, what will the rails for a rail- 
road cost, if the road is 75 miles long, and it takes 112 
tons per mile ? Ans,^ 462000 dollars. 

35. It has been found by experiment that a sheep which 
is fed in the open air, consumes 1912 pounds of turnips 
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from November 18 to March 9, and that a sheep of the 
same size, fed under a shed, consumes, during the same 
time, 1394 pounds of turnips. How many pounds of tur- 
nips would a farmer save in a single winter by feeding 345 
sheep under a shed, instead of in the open air ? 

Ans,y 178710 pounds. 

36. A man owned 4376 acres of land; he sold 468 acres 
at $19 per acre. What is the remainder worth at 120 per 
acre ? Ans.^ $78160. 

37. Henry earned $46 at one time and $27 at another 
time ; his father then gave him three times as much as he 
had earned. How much did his father give him ? 

A7i8.y $219. 

38. A hardware merchant bought at one time 250 
pounds of tin, at another 345 pounds, and at another 562 
pounds, and paid for it all $462.80. He afterward sold it 
all at 45 cents a pound. How much did he receive for 
it? ^W5., $520.65. 

39. A merchant bought 275 yards of cloth, at 6 dollars 
per yard, of which he has sold 133 yards, at 10 dollars per 
yard. What would he gain on the whole by selling the 
remainder at 9 dollars per yard ? Ans,, 958 dollars. 

40. If a wagon cost $48, a yoke of oxen 3 times as 
much, lacking $54, and a span of horses as much as the 
wagon and oxen together, what was the cost of the oxen 
and horses respectively, and of all ? 



. UVLTIPLICATXQS. 




SECTION vn. 

DIVISION. 



FIRST STEP. 



Definttiona, and how to make the Dlviawu T(ibte. 

1. How many apples are there on the table in the pic- 
ture? How mauj groaps are there? How many in each 
groap ? How many 3'8 in 12 ? 

%. 3 tomeB % are how many ? 3 3's make how many ? 
How many 2*8 in 6 ? 

3. How many 5'b in 15 ? This is the same as asking 
how many times 5 it takes to make 15. 

4. How many ^s in 36 ? Why ? 

Ansioer. There are i ffa in 36, because 4 times 9 are 36. 

5. If 13 apples are separated into 4 equal groups, how 
many are there in each gronp ? 

6. If 15 is separated into 3 equal parts, what is one of 
the parte? Do 3 2'b, 3 3% 3 i% or 3 S's make 15 ? 
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7. If 18 is separated into 6 equal parts, how many are 
there in each part ? 6 times what number makes 18 ? 

64, The process of finding how many times one num- 
ber is contained in another is called Division. 

Division enables us also to separate a number into any 
number of equal parts, and find how many there are in 
one of these parts. 

66. Separating a number into equal parts, or finding 
how many times another number is contained in it, is 
called Dividing it by the number expressing the number 
of equal parts, or by the number which is contained in it. 

66. The number to be divided is called the Dividend. 

The number by which the dividend is divided is called 
the Divisor. 

The number which tells how many times the divisor is 
contained in the dividend, or what is one of the required 
equal parts of the dividend, is called the Quotient. 

8. How many times is 7 contained in 21 ? That is, how 
many 7's make 21 ? 

Which of these numbers is the Dividend? . 
Which the Divisor f 
What is the Quotient f 

9. What is one of the 5 equal parts into which 30 c^ 
be divided ? That is, 5 times what number makes 30 ? 

Which number is the Dividend? 
Which the Divisor f 
What is the Quotient f 

10. Divide 27 by 9 ; that is, find how many 9's there 
are in 27. 

11. How many times is 6 contained in 42 ? That is, 
how many 6's make 42 ? 

12. How many times is 4 contained in 24 ? In 32 ? 
In 36? In 16? In 8? 
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To Find what the Quotient is when neither Divisor. nor 

Quotient exceeds 9. 

67. Rule. — Consider^ from your knowledge of the Mul- 
tiplication Table, how many times the given divisor must 
be taken in order to make the given dividend. 

68. The sign -=- is the sign of division, and is read 
" divided by.'' Thus 24 -^ 6 is read ^* 24 divided by 6." The 
dividend is written before the sign and the divisor after it. 

13. Copy on your slate the following and fill the blanks : 
7 times = 28 ; therefore 28 -^ 7 = . 

4 times = 20 ; therefore 20 -^ 4 = . 

3 times = 18 ; therefore 18 ^ 3 = . 

6 times = 18 ; therefore 18 -?- 6 = . 

14. Copy on your slate and fill out the following: 

therefore 15 -t- 3 = — , and 15 -^ 5 = — . 
therefore 56 4- 7 = — , and 56 -h 8 = — . 
therefore 54 -?- 6 = — , and 54 ~ 9 = — . 
therefore 35 ~- 5 = — , and 35 -s- 7 = — . 
therefore 42 4- 6 = — , and 42 -r- 7 = — . 

15. How many times is 1 contained in 6 ? That is, how 
many I's in 6 ? 

16. Whatis3-^l? 7-f-l? 8-f-l? 1-j-l? 2-^1? 
9^1? 4^1? 

69. As multiplication is finding- the product when the 
two factors are given, so division is finding one of the fac- 
tors when the product and the other factor are given. 
The Dividend is the Product of the Quotient and Divisor.* 

17. If one of the factors of 24 is 4, what is the other ? 
What is 24 -T- 6 ? 

If one of the factors of 24 is 4, what is the other? 
What is 24 ^4? 

* This Btatement is absolately correct when the division is complete, and it is 
not thought advisable to conftise the pupil by introducing the idea of a remainder 
at this stage of his progress. 



3 X 5 = — 

7 X 8 = — 

6 X 9 = — 

7 X 5= — 

6 X 7 = — 
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18. Copy on your slate and fill out the following 



DIVISION TABLE. 



When 2 is one factor. 



2 

2 

2 

2 

2 
2 

2 
2 



4 
4 
4 
4 



2 = — . 

3 = — . 

4 = — . 

5 = — . 

6 = — . 

7 = — . 

X 8 = — . 
X 9 = — . 



X 
X 

X 
X 



J 8 + 2= . 

18 + 4= . 



6 + 2 = 
6 + 8 = 

8 + 2 = 
8 + 4 = 

j to + 2 = 
1 10 + 5 = 

j 12 + 2 = 
112 + 6 = 

J 14 + 2 = 
1 14 + 7 = 
16 + 2 = 
16 + 8 = 

j 18 + 2 = 
1 18 + 9 = 



J 16 + 2 = . 

1 16 + 8 = . 



WTten 3 is (me factor. 



3x3 = —. 

3x4 = —. 
3x6 = — . 
3x6 = —. 
3x7 = —. 
3x8 = —. 
3x9 = —. 



, 9+8= 

12 + 8 = 

■ 18 ^. 4 = 

16 H- 8 = 

16 + 5 = 

18 ^. 8 = 

" 18 + 6 = 

21^-8 = 

• 21 + 7 = 

j24 + 8 = 

124 + 8 = 

(27 + 8= 

127 + 9 = 



X 
X 
X 
X 



When 4: is one factor, 
4 = — . .•.|i6-*-4 = 

K _ . i90 + 4 = 

^— — •••180 + 6 = 

f5 — . i24 + 4 = 

^ •••124 + 6 = 

7 — . i28 + 4 = 

* ' • • 1 28 + 7 = 



4 
4 


X 
X 


8 = — . 

9 = — . 


. (82 + 4 = . 

• •188 + 8 = : 

. J86 + 4 = . 

• •]86 + 9 = . 






WlienS 


is one factor. 


5 


X 


5 = —, 


.•.|26 + 6 = - . 


5 
5 
5 
5 


X 
X 
X 
X 


6 = — , 
7= , 

8 = —. 

9 - 


. j80 + 6 = . 

• • • 80 + 6 = . 

. J85 + 6 = . 

. .186 + 7 = . 

. j 40 + 6 = . 

• . . 40 + 8 = 

. i46 + 5 = . 

• • • 146 + 9 = 






When 6 \ 


is one factor. 


6 


X 


6 = — , 


, .•. 86 + 6- . 


6 
6 
6 


X 
X 
X 


7 = —, 

8 = —, 

9 =— . 


. (42 + 6 = . 

• •148 + 7 = . 

. (48 + 6 = . 

• •148 + 8 = . 

. (54 + 6 = . 

• • 64 + 9 = —. 






When 7 \ 


is one factor. 


7 


X 


7- 


, .'. 49 + 7 = . 


7 
7 


X 
X 


8 = , 

9 - , 


.. (86 + 7 = . 

• -156 + 8 = . 

. (68 + 7 = . 

• • 68 + 9 = . 






When 8 


is one factor. 


8 


X 


8 - . 


, .•.^64 + 8 = . 


8 


X 


9 - . 


. ( 72 + 8 = . 

• -172 + 9 = 



9 X 



When 9 
9 = — 



is one factor, 

, .-. 181+9 = 



TMd table mast be so well learned that any quotient can be given 
at once. But if multiplication has been well learned, this will cost 
little labor. 



1. How many cherriea in this 
dish ? If you toke out 3 at a 
time, hoT maoy times can you 
take? How many wilt remain 
after you have taken out 3 3'a ? 

If you take 4 at a time, how 

many times can yon take ? How '— "'^- — - 

many will remain ? 

How many 4'a in 11, and how many over? 

How many 5*8 in 11, and how many remain F How 
many 2's F 

3. How many 3'8 in 8, and how many over ? 3 is con- 
tained in 8 how many times, and leaves what remainder? 

3. 15 -=- 4 = how many, and what remainder ? Does it 
take all of 15 to contain 4 3 times ? 

70. When the divisor has been taken out of the divi- 
dend as many times as possible, if it does not take all the 
dividend to contain it so many times, what is left is called 
the Bemainder.* 

If there is no remainder, the division is said to be exact. 

4. How many times is 3 contained in 17, and what is 
the remainder P 

5. Fill the blanks in the following : 
- 4 = - 



19 - 


- 1 = 

- 6 = 





anil — 
and- 


— remamuer. 

— remainder. 


47- 


- 7 = 





and — 


— remainder. 


50- 


- s = 





and — 


— remainder. 


43 - 


-5 = 





and — 


— remainder. 


28 - 


- 4 = 





and — 


— remainder. 



• ir thOD^t deslTSble, tli« teacher cao eiplaln the BlgnUcaDCi 
Benu^mler when clWIsion Ib concelTsd to be a eeparatlOD of a nnm] 
parta. It la oot Uiought beet Ifl cnmber the deSultiOD with boUi Idi 
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SECOND STEP. 

Three Fundamental PHnciples. 

1. How many 3's are there in 12 ? 

Then how many 3's are there in 2 12's, or 24 ? 
How many in 3 12'8, or 36 ? 
How many in 10 12% or 120 ? 

2. How many 4's are there in 20 ? 

Then how many 4's are there in 40 ? In 60 ? 
How many 4's in 10 20's, or 200 ? 

3. How many times is 2 contained in 6 ? 

Then how many times is 2 contained in twice 6, or 12 ? 
In 4 times 6 ? In 10 times 6 ? 

4. How. many times is 3 contained in 9 ? 

Then how many times is 3 contained in 900, which is 
100 times 9 ? In 9000, which is 1000 times 9 ? 

Principle I. 
71. Whatever number of times a given divisor is con- 
tained in a given dividend, this divisor is contained in 
twice this dividend, twice as many times;. i7i S times this 
dividend, S times as many times; in 10 times this divi- 
dend, 10 times as many times, etc. 

5. How many times is 4 contained in 80 ? In 800 ? 
In 8000? 

First, 4 is contained in 8 2 times. Hence it is contained in 80 10 
times 8, or 20 times, since 80 is 10 times 8. In 800 4 is contained 
100 times 2, or 200 times, since 800 is 100 times 8, etc. 

6. How many times is 5 contained in 1500 ? In 15000 ? 
In 150000 ? 

7. How many times is 6 contained in 42? Then in 
420? In 4200? In 42000? In 42000000? 
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1. How many 2's are there in 4? How many in 8? 
Then how many in 4 and 8 together, or 12 ? 

2. How many 2's in 6 ? How many in 8 ? How many 
in 12 ? Then how many in 6 + 8 + 12, or 26 ? 

3. How many times is 4 contained in 20 ? In 8 ? Then 
in 28? 

4. 6, 9, and 12, are the parts of what number? How 
many times is 3 contained in each of these parts ? Then 
how many times in all the parts together ? 

Principle II. 

72. We may find how many tvnea a given divisor is 
contained in a given dividend, by finding how many times 
it is contained in all the parts of the dividend and adding 
the results together. 

5. 10 and 8 are the parts of what number? 2 is con- 
tained in 10 how many times? In 8 how many times? 
Then in 10 + 8, or 18 ? 

6. 846 are 800, 40, and 6. Find how many times 2 is 
contained in 846, according to the two principles just 
explained. 

Suggestion. 2 is contained in 8 4 times, and in 800 100 times 4 
times, or 400 times, Principle I. 

2 is contained in 4 2 times, and in 40 10 times 2, or 20 times, 
Principle I. 

2 is contained in 6 3 times. 

Hence 2 is contained in 846 400 + 20 + 3, or 423 times. 

7. Find, as in the last, how many times 3 is contained 
in 1296, that is, in 1200, 90, and 6. 

8. How many times is 4 contained in 1284 ? In 844 ? 
In 888? In 444? In 1688? 




90 FUNDAMENTAL RULES, 

1. Here are 4 bunches of grapes^ 
with 11 grapes in each bnnch. K you 
take 3 grapes from a bunch as many 
times as you can^ how many times will 
it be, and how many will be left? If 
you do so with each bunch, how many 
times will you have taken 3 grapes, 
and how many will be left in all ? 

3 is contained -in 11 3 times, and 2 remainder. Then in 
4 times 11, it is contained 4 times as many times, with 4 
such remainders. 

2. How many times is 5 contained in 23, and how many 
remain ? Then how many times is 5 contained in 7 times 
23, and how many remain ? 

Principle III. 

73. If a given divisor is contained in any dividend a 
certain number of times with a certain remainder^ it is 
contained in 2 times that dividend 2 times as many times 
with 2 times as great a remainder, in 3 times that divi- 
dend 3 times as many times with 3 times as great a 
remainder y in 10 times as great a dividend 10 tim^ as 
many timss mth 10 timss as great a remainder, etc.* 

3. How many times is 7 contained in 25, and with what 
remainder? In 6 times 25, with what remainder? In 10 
times 25, etc. ? In 100 times 25, etc. ? 

Answer to last, 3 hundred times and 4 hundred re- 
mainder. 



* Special pains should be taken to eecnre a dear conception of this principle. 
It Is absolutely essential as a fomidatloo for intelligent work in division. 
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4. 37 -f- 7 = 5 and 2 remainder. Then how many times 
is 7 contained in 37 tens, and with what remainder ? In 
37 hundreds ? In 37 thousands ? 



FIRST STEP. 

Short IHvision* 

I. Divide 537 by 2. 

Eiqilanation. — ^In order that we may aee both at ^. ^^„ ^ 

once, oonvenientlj, we write the divisor on the left of ^^ 

the dividend. 

2 is contained in 5 2 times, with 1 remainder. Then by Principle 
m. it is contained in 5 hundreds, 2 hundreds times, with 1 hundred 
remainder. The 1 hundred remainder is 10 tens, which with the 
3 tens make 18 tens. 2 is contained in 13 6 times, with 1 remainder. 
Then by Principle III, it is contained in 13 tens 6 tens times, with 
1 ten remainder. The 1 ten remaining is 10 units, which with the 
7 units make 17 units. 2 is contained in 17 units 8 times, and 1 
remainder.* 

To Divide by the Method called Short Division. 

74. Rule. — L Write the divisor cm the left of the 
dividend^ and beginning with the highest order^ or orders, 
which regarded as units will contain the divisor, divide 
andtorite the qv^otient figure, underneath the lowest order 
thus used, remembering the r&mainder. 

II. Proceeding to the next lower order, divide it to- 
gether with what was left of the higher, if tliere was a 
r&mainder, and write the quotient thus arising under this 
last order used. Proceed in this manner until all the 
orders in the dividend have been divided. 



* It may be profitable to Ulastrate this operation by means of the packages 
of counters. It makes a very pretty exercise, and pats the truth in concrete form* 
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Ill, If at any time after the first qtiotient figure has 
been written^ the divisor is not contained in the next 
lotffer order y together with what is brotight to it from the 
higher J write in the qtiotient, and proceed to the next 
lower order. 

Reasons. — ^The divisor is written at the left of the dividend, 
simply that we may be able to see both at once conveniently. 

We begin at the highest order to divide, because by so doing we 
can put what remains after each division into the next lower order 
and divide it; and thus we get all there is of any order in the 
quotient as we go along.* 

We write the quotient figures under the orders from whose divi- 
sion they arise, because they are of the same orders. 

The process ascertains how many times the divisor is contained in 
the dividend by finding how many times it is contained in the parts 
of the dividend and adding the results, Principle U, This can be 
readily illustrated by an example. For this purpose let us divide 
1547 by 4. 

Analysis op Operation. 

fl2 hds. In this 4 is contained 3 hdSi or 900 times. 

32 tens. In this 4 is contained 8 tens, or 80 times. 

24 ) . In this 4 is contained 6 units, or 6 times, 
and 3 ) In this 4 is contained no times. 

.'. In 1547 4 is contained 886 times, 

with a remainder 3. 

2. Diyide 17834 by 7. 

Operation. 

7)17834—5 
2547 



* On page 08, Ex. 13, is an example Bolved by beginning with the lowest order. 
Such illaBtratione might be introduced here by the teacher. 
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Perform the following, explaining the process : 

a 4. 5. 6. 7. 

2)1349 3)736 6)2483 6)3486 7 ) 268905 

8. Divide 4238 by 7. 

Suffffestion. — ^We observe that 7 is contamed in 42 
(hundreds) 6 (hundreds) times, with no remainder. -^kf 
Now 7 is not contained in 3 (tens) any (tens) times ; so 
we write a in the tens place in the quotient to mark the vacant 
order, and unite the 8 tens with the 8 units, making 88 units. In 
this 7 is contained 5 times, with a remainder 8. 

Perform the following, explaining the process : 

9. 10. 11. 13. 

6)25200 9)723856 — 4 8)5462 8)1768162 



6040 



80428 



JSxamples for Practice. 



1. 5462 -f- 2 

2. 1256 -*- 8 

3. 10702-*- 5 

4. 78520-5-7 

5. 658426 ^ 2 

6. 827001 -*- 4 



by 5 ; by 7. 
by 4 ; by 9. 
by 6 ; by 8. 
by 9 ; by 4. 
by 8; by 5. 
by 6 ; by 7. 



7. 10000-^-2 

8. 10000-^8 

9. 20008-7-5 

10. 102504 + 8 

11. 101010 H- 8 

12. 202030 -4- 4 



by 4 ; by 6 ; by 8. 
by 5 ; by 7 ; by 9. 
by 8 ; by 6 ; by 2. 
by 7 ; by 8 ; by 9. 
by 4 ; by 2 ; by 6. 
by 5 ; by 7 ; by 8. 



13. Divide 1547 by 4, dividing the lower orders first, all 

the time, and see how much advantage there is in the 

method we have learned ; that is, in beginning with the 

highest order. 

Operation. 



4 )1547 
liA Rem., n03 
Sd Rem., 808 

8d Rem., 23 

True Rem. , 3 



111 lit Quot 
200 M Quot. 
70 Sd Quot 
5 4th Quot 
386 Entire Quotient, 



Observe that the principles are the same as in the common qtftfaofl* 
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FOURTH STEP. 

Two Ways of Disposing of the Remainder. 

1. Mr. Mason has 15 apples, which he wishes to divide 
equally among 4 boys. How can he do it ? 

Anrnjoer. — ^First, he can give each boy 3 apples, which will take 
12 apples ; and then he will have 3 apples left to be divided. He 
can now cut each of these three apples into 4 equal parts, called 
fourths, or quarters. Then he can give to each of the boys one- 
fourth of each of the 3 remaining apples, or 3-fourths of an apple. 
Thus each boy will have 3 apples and 3-fourths of an apple. 

2. When any thing is divided into two equal parts, what 
is one of the parts called ? When into 3 equal parts ? 
Four? Five? Six? 

Ans.y l-hali'; l-third ; 1-fourth ; 1-fifth ; 1-sixth. 

3. What do you call 3 of the 7 equal parts into which 
an apple may be divided ? 8 of the ll equal parts ? 11 
of the 20 equal parts ? 

76. One half is written \\ l-third \) 1-fourth J; 
1-seventh \\ 1-eleventh ^; 1-twenty-first i^, etc. 

Two -thirds are written f; 2-fourths }; 3-fifths |; 
6-elevenths -j^, etc. 

76. Numbers which are written in this way, and which 
represent one or more of the equal parts into which a unit, 
or some number taken as a whole, is conceived to be 
divided, are called Fractions. We shall have much to 
learn about them by and by. 

4. Tell what each of the following expressions means : 

77. In such expressions the number below the line, 
which tells into how many equal parts the division is 
made, is called the Denominator. The number above 
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the line, which tells how many of the equal parts are repre- 
sented by the expression, is called the Numerator. 

78. Such an expression as 4} is read ^'4 and |." 12f is 
read "12 and f 143^ is read « 143 and l^/' 13| means 
13 and f, etc. 

5. Divide 38 by 5. 

ZSzplanation. — 88 divided by 5 is 7f ; for 5 is contained k\^ 
in 38 7 times, with a remainder 3. Now to divide 3 into ~mr 
6 equal parts, we can consider each one of the 3 as divided 
into 5 parts, and then 1 taken from each. Thus we shall have f . 

Or, we may explain the dividing of 3 by 5 thus : 1 divided into 
5 equal parts, gives \ as one of the parts, or the quotient, and 3 
gives 3 times \, or {, 

6. What is 2 divided by 3 ? 6 divided by 7 ? 13 divi- 
ded by 17 ? Explain as above. 

79. In dividing when the division is not exact, we may 
torite the divisor under the remainder, thus forming a 
fraction, and annex this to the integral qtiotient. 

Perform the following, disposing of the remainder as 
above, and giving the explanation : 



7. 39 -T- 4= 9f. 

8. 52-^6=: ? 

9. 18 -T- 7 = ? 
10. 143 ^ 2 = 71i. 



11. 417-5-6. 

12. 3428-6. 

13. 6000 -7- 3. 

14. 20 ^ 6. 



15. 1000 ~ 7. 

16. 2015 -T- 4. 

17. 18276 -T- 9. 

18. 41287-^8. 



We will now give another way of disposing of the re- 
mainder, which is much used. 

1. Divide 347 by 8. 

Bxplanation.— Having divided 347 by 8, we find a ^ , « ,^ 

8 1 347 
remainder 3. Now if we divide each of these 3 into 

10 equal parts, or tenths, there will be 80 of them. 30 



43.376 
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tenths divided by 8 gives 8 tenths, and 6 tenths remaining. Again, 
dividing each of the 6 tenths into 10 equal parts, the parts will be 
hundredths, and there will be 60 of them. Dividing 60 hundredths 
by 8, we have 7 hundredths, and 4 hundredths remaining. 4 hun- 
dredths make 40 thousandths; and 40 thousandths divided by 8 
gives 5 thousandths. These tenths, hundredths, and thousandths 
we separate from the integral part of the quptient by a dot (.) called 
a Decimal Point. 

In this process we multiply each remainder by 10, and as this is 
done by annexing a (60), we have the following rule : 

80. When the division is not exact j we can place a point 
after the integral part of the quotient, annex a to the 
remainder^ and divide this result. To this remainder 
annex a 0, and divide again, till the work terminateSy or 
till we have gone as far as we tvish. The orders thus 
obtained at the right of units are tenths, hundredths, thou- 
sandths, etc. 

81. It will be seen that these numbers are a kind of 
Fractions. They are called Decimal Fractions, or sim- 
ply Decimals. We shall have more about them by and by. 

82. .3 is 3-tenths ; .4 is4-tenths; .05 is 5-hundredths; 
.006 is 6-thousandths, etc. .37 is 37-hundredth8, since it 
is 3-tenth8 and 7-hundredths, and 3-tenths make 30 hun- 
dredths. .375 is 375-thou8andths, because 3-tenths and 
7*hundredths make 37-hundredths, and 37-hundredths are 
370-thousandths, which, with the 5-thousandths, make 
375-thousandths. 

2. Bead the following and tell what they mean : .3 ; .05 ; 
.38; .072; .135; 4.2; 5.23; 42.26; 12.346. 

Perform the following, carrying out the division to 
three places of decimals, if it does not terminate before : 
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3. 


26 -H 8 - 3.25 


9. 


1342 -T- 4. 


4. 


132 ^ 8 = 16.5 


10. 


521 ^ 5. 


5. 


346 -J- 7 = 49.428 + * 


11. 


1376 -T- 9. 


6. 


3471 -4- 2 = ? 


12. 


8156 : 8. 


7. 


581 -J- 6 = ? 


13. 


417 : 2. 


8. 


5312 -^ 3 = ? 


14. 


1826 -4- 3. 
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To Find how tnany times a Large IHviaor is con^ 
tained in a JDividend less than 10 times itself • 

1. How many times are 2 tens contained in 6 tens; that 
is, 20 in 60 ? 

2. How many times are 3 hundreds contained in 12 
hundreds ? What is 1200 -f- 300 ? 

3. How many times is 400 contained in 2400? In 
1200? In 3200? 

4. How many times is 40 contained in 80 ? that is^ 4 
tens in 8 tens? 40 in 120? 60 in 180 ? 70 in 210? 

5. How many times is 23 contained in 74^ and how 
many remain ? 

2 tens are contained in 7 tens how many times? 

3 times 23 are how many ? 
74 — 69 = how many ? 

6. How many times is 346 contained in 872, and how 
many remain ? 

How many hundreds in this divisor ? 
How many hundreds in this dividend ? 
How many times are 3 hundreds contained in 8 hun- 
dreds? 



* This + sign meang that the diviBion doee not terminate here. 

5 
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How many are 2 times 346 ? Then is 346 contained in 
872 2 times ? What remainder ? 

7. How many times is 257 contained in 1143 ? 

How many hundreds in the divisor ? How many in the 
dividend ? 11 -j- 2 = how many ? 

Is 257 contained in 1143 5 times? How many are 5 
times 257 ? How many are 4 times 257 ? 

83. To ascertain how many times one number is con- 
tained in a greater number represented by the same num- 
ber of figures, divide the highest order in the dividend by 
the highest order in the divisor. Then multiply the divi- 
sor by this quotient, and see if the product is greater than 
the dividend. If it is, try the next lower number, multi- 
plying the divisor by it ; and so continue to try lower and 
lower numbers till one is found which, when multiplied 
into the divisor, does not give a product greater than the 
dividend. 

When the divisor is not contained in an equal number 
of figures from the left of the dividend, and the dividend 
has one more figure than the divisor, divide the first two 
left hand figures in the dividend by the first one in the 
divisor, and then test this quotient by multiplying the 
divisor by it, as in the former case.* 

8. How many times is 342 contained in 927 ? 

Suggestion. 3 is contained in 9 3 times ; hence we try 3. 3 times 

343 are 1026. Thus we see that 3 is too large. Then we gai^ 

try 2. 2 times 342 are 684 So we learn that 342 is con- 684 

tamed in 927 2 times ; and by multiplying 342 by 2, and 2^ 



* This is one of the greatest obstacles the young learner enconnters in division, 
and he shonld be made prticUcaUy fomiliar with this process before attempting 
Long Division. It may not be best to require him to memorize this article ; but 
he must know the process. 
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subtracting the product, 684, from 927, we find the remainder to 
be 243. 

We also see, from this remainder, that 342 will not go another 
time in 927, for the 243 is less than 342. 

9. How many times is 278 contained in 966, and with 
what remainder ? 



278) 956(4 
1112 



278)956(3 
834 

122 



You will naturally do this thus : 
Finding that 2 is contained in 9 4 times, you wiU 
try 4, by multiplying 278 by 4 But you find this 
makes 1112, which is greater than 956. Hence 
278 is not contained in 956 4 times. You would 
then eraae the 4 and the 1112, and try 3. This 
would give you the work in the margin. 

10. How many times is 468 contained in 983, and what 
remainder ? 

11. How many times is 782 contained in 2436, and what 
remainder ? 

Can a final remainder be as great as the divisor? Why 
not? 

12. Knd the quotients and remainders in the following: 



78 H 


■r 23; 


; 375- 


'r 87 


; 1141 -H 


r 248; 


56-^ 


r 16; 


; 1248 -. 


1- 581, 


; 2248 - 


r 240; 


91 -i 


r 37; 


; 3853 - 


r 826 


; 5670 -^ 


r 683; 


178 H 


r 41; 


; 7048 H 


h 6341 ; 

4 


; 12457 H 


r 2846 ; 


563 H 


r 87; 


; 1124 -. 


r 357; 

4 


; 58582 -. 


r 9341 ; 


782-- 


r 93; 


; 8888 H 


r 999: 

4 


; 6512 -^ 


r 814; 


341 H 


r-84. 


; 7156 -= 


r 734 


; . 6624 -■ 


r 736; 


1206-- 


r 75; 


; 1542 H 


r 178: 

4 


; 26999 -. 


r 3857 ; 


847 -i 


r 87; 


; 2159 H 


r 261; 


\ 10458 -i 


r 1743 ; 


7643 H 


r 785; 


; 1471 - 


r 493. 


; 20006 -= 


i- 2858 ; 


6387 H 


r 692; 


; 562 -. 


r 58; 


; 7580 H 


r 879. 
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SIXTH STEP. 

Long Division, 

1. Divide 73482 by 214. 

ZSzplanation.— The principles used in tills process are just the 
same as those in Short Dvoision, the only difference being that the 
divisor is so Urge that it is not convenient ^^^ ^^^ ^ ^ ^^ 
to find out the several remainders without ^42 

writing down the product of the divisor by "9^ 

each quotient figure as we obtain it, and 856 

performing the subtraction. Hence we ^J* 

write the quotient at the right of the divi- -^ ^ 

dend, that it may not be in our way. 

214 is contained in 734 3 times, with a remainder 92 ; hence it is 
contained in 734 Jiundreds, 3 hundreds times, with a remainder 92 
hundreds. {Principle /.) 

Again, 92 hundreds and 8 tens make 928 tens. 214 is contained 
in 928 4 times, with a remainder 72; hence it is contained in 928 
tens 4 tens times, with a remainder 72 tens. 

Finally, 72 tens and 2 units make 722 units ; and 214 is contained 
in 722 3 times, with a remainder 80. 

Thus we have found how many times 214 is contained in 73482, 
by finding how many times it is contained in the parts of 73482, 
and adding the quotients thus obtained. (Principle U,) This may 
be exhibited at one view, thus : 

642 hds. In this 214 is contained 3 Aefo., or 300 times. 

^56 tens. In this 214 is contained 4 tens, or 40 times. 

642 units. In this 214 is contained 3 unUs, or 3 times. 

80 uniU. In this 214 is contained no times. 

In. 73482 • 214 is contained . 343 times, 

with a remainder 80. 

To Divide by the Method called Long Division. 
84. Rule.—/. Write the divisor at the left of the divi- 
dend, and the quotient as it is obtained at the right. 



73482 = 
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//. Seek how many times the divisor is contained in the 
fewest of the left hand figures of the dividend which will 
contain ity and write the number of times as the highest 
order in the quotient. 

III. Multiply the divisor by this quotient figure, and 
writing the product under the part of the dividend used, 
subtract it therefrom. Annex to this remainder the figure 
of the next lower order of the dividend. Divide the number 
so formed by the divisor y writing the number of times it is 
contained as the second figure in the quotient. 

IV. Multiply the divisor by this quotient figure, and 
subtract the product from the part of the dividend used. 
To this remainder annex the next figure of the dividend^, 
and proceed as before. Continus to repeat the process till 
the dividend is exhausted, or until the remainder will not 
contain the divisor. 

V. If at any time a remainder, with the next figure of 
the dividend annexed, toill not contain the divisor, write 
in the quotient, and bring down the next figure of the 
dividend. 

Reasons. — The reasons for this rule are the same as for the role 
for Short Division, and instead of repeating them, we will give a 
series of questions which the pupil can answer if he has learned 
well what goes before. 

Questions. — 1. Why do we write the divisor on the left and the 
quotient on the right of the dividend ? * 2. Why do we begin to 
divide with the highest order or orders, and proceed through the 
lower orders in succession? 3. How do we find out how many 
times the divisor is contained each time? (73.) 4. On what 
principle do we determine what the order of any quotient figure 

* Were it cnstomary it wonid be better, ae it certainly is more convenient, to 
write the divlBor on the.right of the dividend and the quotient underneath the 
divisor. See 3d form of operation, Ex. 4, page 103. 
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is ? (71«) 5. On what principle are we able to take part of the 
dividend at a time ? (72.) 6. Finally, how does it appear that this 
process determines how many times the divifior is contained in the 
dividend ? 



Examples for ^racticcm 

1. Divide 82756 by 234, and afterward put the work in 
form to exhibit the principles at one view, as on page 100. 

Rem,y 154. 

2. Divide 7854 by 96, and explain as directed in the 
last. Rem,^ 78. 

3. Divide 346827 by 271, and then multiply the quotient 
by the divisor, and to this product add the remainder. 
What ought the result to be ? 

. 68. Division may be proved (50) by multiplying divi- 
sor and quotient together, and to the product adding the 
remainder. The result should be the dividend. Why ? 

4. Divide 17856 by 39, and proye the process as above. 



Operation. 


Second Form. 


Proof. 


89 ) 17866 ( 457 


17856 


39 


467 


156 


156 


467 


89 


225 


225 


4118 


195 


195 


1371 


806 


306 


17828 


278 


273 




88 



88 EffOk. 88 Bern, 17856 

Query.— Why is it that if yon add the remainder and several 
subtrahends just as they stand in the work, their sum will make 
the dividend? Try it. 

This then is another method of proof. 

Perform the following divisions, and prove the process 
in each case : 
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5. 2693 -r 63. 

6. 7776 -^ 108. 

7. 6750 -rr 15. 

8. 437639 ~ 42. 

9. 1893312 -f- 2076. 

10. 84764367 -r- 431. 

11. 4683579 -?- 234. 

12. 2686211248 -f- 296. 

13. 99424788962 4- 978. 



14. 347628 -5- 84. 

15. 57432168 ^ 8762. 

16. 134007502 -r- 34007. 

17. 88888888 -r- 9999. 

18. 100000001 -T- 785. 

19. 2000000 -T- 691. 

20. 4360000 -=- 436. 

21. 84200 -f- 421. 

22. 13230000 -5- 735. 



SEVENTH STEP. 

To Divide by 10, 100, 1000, etc. 

1. How many lO's in 36, and how many units remain ? 
Then 36 -7- 10 = how many, with what remainder ? 

2. How many IVb in 75, and how many units remain ? 
75 -T- 10 = how many, with what remainder ? 

3. If I had 2 of our hundreds packages of counters, 4 
of the tens, and 7 single counters, how many tens would I 
have in all ? How many tens are there in 2 hundreds ? 
Then 247 -f- 10 = 24 and 7 remainder. 

4. Divide 347 by 100 ; that is, find how many hundreds 
there are in 347. Of course all we have to do is to read 
the hundreds. There are 3 hundreds, and 47 remainder. 

5. Divide 2346 by 100. How many hundreds in 2 thou- 
sands and 3 hundreds ? 

6. Divide 34568 by 100. By 1000. 

To Divide any Number by 10, 100, 1000, or i with any Num- 
ber of Zeros annexed. 

86. Rule. — Cut off from the right of the dividend as 
many figures as there are O's in the divisor. The remain- 
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ing figures at the left represent the quotient^ and those cut 
off represent the remainder. 

The reason for this is that all at the left of any particular order, 
including that order, can be read as so much of that order (21). 

7. Divide 7856 by 1000 ; that is, tell how many thou- 
sands there are in it, and how many over. In like man- 
ner, divide 17541 by 1000. 

8 to 15. Speak the quotients and remainders in the fol- 
lowing : 58 ^ 10 ; 736 -=- 10 ; 34568 ~ 10 ; 12057 -f- 1000 ; 
19027 -T- 100; 34667 4- 1000; 30456 h- 100; 760263 -v- 
100000. 



EIGHTH STEP. 

To Divide by a Composite Number. 

87. In arithmetic a Composite Number is the pro- 
duct of two or more integral factors each greater than 1. 

Thus 6 is a composite number, for it is the product of 2 and 3. 
15 is a composite number, for it is the product of 3 and 5. 

1. Point out the composite numbers in the following, 
and tell what their factors are: 21; 12; 24; 36; 7; 8; 
11; 13; 28; 23; 20; 30; 130; 300; 230; 1200. 

2. Can there be a number whose right hand figure is 0, 
which is not composite ? 

88. Numbers which are not composite are called Prime 
Numbers. 

3. Point out all the prime numbers between 1 and 100. 
Make a list of them on your slate. 

4 Of what 3 factors is 12 composed ? 30 ? 66 ? 60 ? 

8? 27? 
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5. May the foctors of a composite number eyer be all 
alike ? What are the 3 equal flEtetors of 64 ? The 5 equal 
factors of 32 ? 



1. If you take 42 counters and put them up in packages 
of 3 each, how many packages will there be .? 

K now you take these 14 packages of 3's and put them 
up into packages of 2 3's in each, how many such pack- 
ages can you make ? 

The last packages of 2 3's each contain how many 
counters ? Then how many 6's in 42 ? 

2. Find how many 15's there are in 5266 by first finding 
how many 3's there are, and then how many 5's containing 
3 each there are in this result. 

Suggestion.— Dividing by 3^ 8 ) 5265 
we find that there are 1765 6 ) 1755 Number of 3's m 5265. 
threes in 5265. Now, since 5 351 Number of 5's contain- 

th/rees make 15, there are aa ing 3 each, or of 15's 

many 15's in 5265, as there are i^ 5266. 

5's in 1755, which is 351. Hence 
there are 351 15's in 5265. 

3. Divide 5796 by 21, by using the factors of 21. 

To Divide by a- Composite Number by using its Factors. 

89. Rule. — Divide the given dividend by one of the 
factors and the quotient thus arising by the other,* 

Reasons. — ^To divide a number by 5 shows how many 5's there 
are in it. Then as every 7 of these 5's make 35, if we find liow 
many 7's there are in this first quotient, the result will show 

* Of coarse this process is capable of extension to cases of more than two 
feotors ; but we have no occasion to ase snch cases, and hence give only that of 
two fiu^tors. , ^ 
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how many 7'8 containing 5 each, or how many 35*8 there are in the 
given number. 
This reasoning applies to dividing by any composite number. 

Perform each of the following by resolving the divisor 
into two factors^ and using these factors as divisors. Give 
the explanation as above in each case : 

4. 1630 ^ • 6 ; 6. 9576 - 28 ; 8. 4704 -4- 84; 
6. 8748 -5- 12 ; 7. 7740 -^ 46 ; 9. 2670 -~ 30. 
90. If there are remainders, it is easy to tell how many 
of the original dividend remain, by noticing what the re- 
mainders are. The number of the original dividend which 
remains undivided is called the True Remainder. 

10. Divide 6276 by 16, using the factors of 16, and find 
the true remainder. 

Suggestion. — Dividing by 3, we find 2 of the 3 \ 5275 2 

6276 remaining. Now the 1768 are 3*s of the 5 ) 1759 3 

5276, that is, every 1 of the 1758 corresponds to 351 
3 of the 6276. But when we divide the 1758 by 
6, we find 3 of it remaining. Hence, as each one of these 3 corre- 
sponds to 3 of the 5276, the 3 corresponds to 9 of that number. 
The remainder of the 5276 is, therefore, 9 + 2, or 11. 

11. Perform the following, using the factors of the divi- 
sors, and find the true remainders as above : 

678-^21; 3412 -f- 16; 12047 -r- 28; 1879 -f- 30. 



1. Divide 3628 by 300. 

Suggestion.— The divisor, 300, is composed 3|oo ) 36|28 
of the two factors 100 and 3. Now 8528 di- 11; Rem. 228. 

vided by 100 gives 35 and 28 remainder (86). 
Then dividing 35 by the other factor, 3, we have 11 and 2 remain- 
der. But this 2 is hundreds, hence the entire remainder is 3 hun- 
dreds and 28, or 228. 

2. As above, divide 5208 by 70. By 600, 
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To Peifonn Diyision when there are O^s at the Right In the 

Divisor. 

91. Hule. — Out off the ffsfrom the divisor^ and a like 
number of figures from the right of the dividend. Divide 
the remaining figures in the left of the dividend by the sig- 
nificarU * figures of the divisor. The remainder after this 
divisiony prefixed to the figures of the dividend cut off, is 
the entire remainder. 

Reasons. — Catting off the O's from the divisor may be considered 
as pointing out its factors, and cutting off the figures at the right in 
the dividend is dividing by 10, 100, 1000, or by 1 with as many O's 
annexed as there are figures cut off (86). Dividing by the signifi- 
cant figures, is dividing the first quotient by the other factor of 
the divisor, according to (89). The remainder from the bust divi- 
sion being merely of the next higher orders than the first remain- 
der, needs simply to be prefixed according to the principles of 
notation. 

3 to 12. Perform the following according to this rule : 



(3.) 6285^70; 
(4.) 6786 -T- 200 ; 
(6.) 23478 -V- 700 ; 
(6.) 3005080 -r- 12000; 
(7.) 5200700 -r- 2300 ; \ 



(8.) 58276432 -h 13600; 

(9.) 20075006 -r- 3610; 

(10.) 50707032 h- 25700 ; 

(11.) 500504000 -r- 32000; 

(12.) 8264 ^ 230. 



Operation. 

38|0)826|4(35 Quotient 

136 
115 



214 Entire remainder. 



* That is, the difiits. See (7.) 

t Divide 69007 by 28 by Long Division. See operation below. 
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Applications. 

92. Since ^^ of anything is one of the two equal parts 
into which it may be divided, we obtain i of a number by 
dividing the number by 2. In like manner, ^ of a num- 
ber is found by dividing the number by 3 ; ^ by dividing 
l>y S ; i by dividing by 6, etc. (75 — 79). 

1. K it require 3 yards of cloth to make a pair of pan- 
taloons, how many pairs can be made from a piece con- 
taining 27 yards ? From 18 yards ? From 30 yards ? 

Solution. — ^As every 3 yards will make 1 pair, 37 yards will make 
as many pairs as there are 3's in 27. 27 -f- 3 = 9. Hence 27 yards 
will make 9 pairs, if 3 yards make one i>alr.* 

2. K 9 pairs of pantaloons of equal size are made from 27 
yards of cloth, how many yards does it take for one pair ? 

Solution. — If 27 yards make 9 pairs, one pair requires ^ of 27 
yards. ^ of a number is found by dividing it by 9. 27 -^ 9 = 3. 
Hence 1 pair requires 3 yards, if 9 pairs require 27 yards. 

[Notice the difference between this solution and the preceding.] 

3. K apples cost $3 per barrel, how many barrels can 

be bought for $12 ? For $15 ? For $30 ? For $327 ? 

For $18756 ? 

[When the numbers are small the computation should be without 
writing— mentally, as it is called.] 

4. If 21 barrels of apples are bought for $63, how much 
is that per barrel ? If 21 barrels cost $84, how much is it 
per barrel ? 

6. At $7 per yard, how much cloth can be bought for 
$84? For $357? 

* Some each form (f aoluHon ehonld be ineieted on in the clasB ; for let it be 
remembered that in the ^^ Applications'*^ the important thing is to tell why we 
divide^ multiply^ add, or subtract. These exercises are not designed to teach 
dlYieion^ihat is, hew to divide—XivX to teach the uses qf division. 
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6. If 6 bushels of potatoes cost $4.60 (460 cents), what 
is the price per bushel ? 

7. A drover bought 7 horses for $1274, paying the same 
price for each. What did one horse cost him ? 

8. If 5 oranges cost 36 cents, what is that per orange ? 
K they cost 46 cents ? If 40 cents ? 

9. If 46 pounds of sugar cost $6.98, what is that per 
pound ? 

10. What is the price of coal per ton when 6 tons cost 
$66? 

11. John's board bill for a term of 13 weeks was $78. 
What was that per week ? 

12. A laborer received $39.00 for a month's work of 26 
days. How much was that per day ? 

13. How many stoves, at $47 each, can bo bought for 
$893? 

14. If 19 stoves are bought for $893, what is the price 
of one stove ? 

16. H one stove cost $47, what will 19 stoves cost ? 

16. A man going to buy sheep took with him $1266. 
His expenses were $160. He bought 217 sheep at a uni- 
form price, and had $21 left. How much did one sheep 
cost ? -4w5., $6. 

17. If a man on horseback ride 63 miles each day, how 
much ^11 he lack of 1000 miles in 16 days ? 

Ana., 162 miles. 

18. If a man pay $75 each for oxen, how many oxen 
can he buy for $2000, and how much money will he have 
left? 

19. A young man attending college had $200 at the 
beginning of a term of 18 weeks. He spent $35 for books, 
and $23 for other purposes besides board, and had $34 left 
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at the end of the term. How mach did his board cost 
him per week ? 

Suggestion. — How mach of the |200 did he not spend tot board? 
How much did he spend for board? If he spent so much for 18 
weeks' board, how much was that for one week ? Atis,, $6. 

20. If a man had an income of $3742 a year (52 weeks), 
and spent $1500 for his family expenses, gave to charitable 
purposed 1370, and saved the rest, how mnch did he sare 
per week ? Ans.y 136. 

21. A has 340 head of cattle worth 19860, and B has 
760 acres of land worth $32680. Eequired the value of 
A's cattle per head, and of B's land per acre ? 

Ans.y $29, and $43. 

22. Having a tract of land containing 540 acres, I wish 
to divide it into fields containing 45 acres each. What 
number of fields will it make? Ans.y 12 fields. 

23. A planter has 2280 dollars to lay out for mules and 
oxen, and wishes to purchase the same number of each. 
If he pay 65 dollars a head for mules, and 30 for oxen, 
how many of each can he buy ? 

Suggestion.— How much do 1 ox and 1 mule together cost? 
Then how many tunes can he buy.l ox and 1 mule? Ans., 24 

24. How many yards of cloth at 7 dollars a yard, 8 dol- 
lars a yard, and 9 dollars a yard — the quantity of each 
kind to be the same — can a merchant buy for 1800 dol- 
lars ? Ans.y 75 yards of each kind. 

25. A cistern, the capacity of which is 10000 gallons, is 
to be filled with water by 3 pipes discharging into it. The 
first pipe discharges 200 gallons per hour, the second and 
third each 150 gallons per hour. In what time will the 
cistern be filled by the three pipes running together ? 

Ans.y 20 hours. 
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26. A farmer wishes to fill three kinds of sacks, contain- 
ing 3 bushels, 4 bushels, and 6 bushels, and the same num- 
ber of each kind, with 1728 bushels of com. How many 
sacks can he fill ? Ans., 144 of each kind. 



27. If 6 yards of calico can be bought for II, how much 
will 12 yards cost ? 24 yards ? 48 yards ? 60 yards ? 

28. If 8 melons cost $1, how many dollars will 3744 
melons cost ? 

29. When 6 books are bought for $1, how many dollars 
must be paid for 1743 books ? 

30. If 7 days make 1 week, how many weeks in 21 
days ? ^ days ? 365 days ? 

31. K there are 12 inches in 1 foot, how many feet in 
678 inches, and how many inches over ? 

32. How many cents make $1 ? Then how many dol- 
lars in 5682 cents ? In 586 cents ? In 1280 cents ? How 
many cents over in each case? How do you divide by 
100? 

33. Shingles are put up in bunches of 500 each. How 
many bunches does it take to make 1000 ? How many 
bunches will it take to shingle a roof which requires 8000 
shingles ? 

34. If 3 pounds of coffee cost $1, how much will 27 
pounds cost ? 



35. If 3 gallons of molasses cost 12, how much will 6 
gallons cost ? How many times $2 ? 

36. ff 6 oranges can be had for 35 cents, how much will 
36 oranges cost? How many times 35 cents ? 

37. If 7 lemons can be bought for 26 cents, how many 



112 FUNDAMENTAL RULES. 

can be had for $1, which is 100 cents ? How many times 
as many can be had for 100 cents as for 25 cents ? 

38. If you can buy 6 slate pencils for 3 cents, how 
many can you get for 18 cents? How much will 35 
pencils cost ? 

39. If 2 horses can be bought for $350, how many can 
be bought for $8400, at the same rate ? 

Sus^gestion. — Observe that such problems can be solved in two 
ways. 1. How many times the price of 2 horses is $8400 ? Then 
how many times 2 horses can be bought ? 2. How much does 1 
horse cost ? Then how many can be bought for $8400 ? 

Sometimes one method involves fractions, while the other does 
not. In such cases take the latter. 

40. If 7 sheep can be bought for $24.50, how nfuch will 
a flock of 133 cost at the same rate ? 

41. If 4 bushels of apples can be bought for $3, how 
many can be bought for $51 at the same rate ? 

42. If 6 oranges can be bought for 42 cents, how many 
can be bought for 56 cents ? 



43. If you divide 7 apples equally between 2 boys, how 
many will each boy have ? If 9 apples among 4 boys ? 
13 apples among 3 boys ? 27 apples among 5 boys ? 

Answer to last, 5f apples. 

44. If a pound of sugar cost 8 cents, how much at that 
rate can be bought for 17 cents? For 25 cents ? 

45. At $7 a yard, how much cloth can be had for $45 ? 
For $105? For $23? For $63? For $5829? 

46. H a man with a reaper can cut 8 acres of wheat in a 
day, how long will it take him to cut 25 acres ? 30 acres? 
270 acres ? 375 acres ? Answer to Idst, 46^ days.. 
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47. If a man with a reaper can cut 7 acres of wheat in a 
day, in how many days can 3 men with reapers cut 250 
acres ? How much will they cut in one day ? Then how 
long will it take them to cut 250 acres ? 

48. There being 1760 yards in a mile, find how many 
miles there are in 65129 yards. Ans.y 37^^ niiles. 

49. How many days would 21 horses subsist on an 
amount of food which would sufl&ce one horse 300 days ? 

Ans.y 14^^ days. 

50. Allowing a steamboat to run 275 miles in a day, in 
what time would she make a trip of 5349 miles ? 

Ans.y 19^ days. 

51. A. flour merchant sold 108 barrels of flour for 19 a 
barrel, and gained on it $216. What price then must he 
haye paid for it by the barrel ? Ans., 17. 

52. A farmer sold a grocer 10 bushels of corn at $1 a 
bushel ; 12 barrels of cider at $2 a barrel ; he received in 
payment 3 barrels of flour at 17 a barrel, and the balance 
in cash. How much money did he receive? Ans^y 113. 

53. A country woman brought to market 5 dozen eggs, 
for which she got 28 cents a dozen, and 28 pounds of but- 
ter, for which she got 32 cents a pound. She bought 12 
yards of calico at 15 cents a yard, a shawl for 17, and took 
the rest in sugar at 9 cents a pound. How much sugar 
did she get? -4 W5., 17^ pounds. 

% = \, since if a thing is divided into 9 equal parts, 3 of those 
parts make \ of it. 

54. What part of anything is f of it ? f ? 

If flour is $8 a barrel, how much can a man buy for 14 ? 
For 12 ? How many pounds for 14 ? (196 pounds make 
a barreL) How many pounds for $2 ? 
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55. If the diyiBor is 43^ the quotient 135^ and the re- 
mainder 21, what is the dividend ? 

56. If the sum of two numbers is 782, and one of them 
is 243, what is the other ? 

57. If 428 is the subtrahend and 356 the remainder, 
what is the minuend ? 

58. If the sum of 3 numbers is 726, and two of them 
are 116 and 325, what is \ of the other ? 

59. 1 of A's property is worth $2500, \ of B's $1200, and 
J of C's 1875. How much is ^^ of all their property ? 

60. If 5 bushels of wheat yield a barrel of flour, and a 
barrel of flour is 196 pounds, how many bushels of wheat 
will be reqnured to make 3332 pounds of flour? 



To Resolve a Number into its Prime Factors. 

93. Rule. — Divide tfie number by the least number 
which will divide it exactly. Treat this quotient in the 
same way, and continvs the process until there is no exact 
divisor of the quotient last oUainedy other than itself and 1. 

The several divisors and the last quotient are the prims 
factors sought. 

1. Besolye 60 into its prime factors. 

Operation. 
2)60 
2)30 
3)15 
5 
Therefore 2, 2, d, and 5 are the prime factors of 60, for they are 
all prime numbers and 2x2x8x5 = 60. 

1. Eesolve 108 into its prime fectors. So also 56, 14, 27, 
135, 42, 75, 45, 128, 63, 59, 43, 48, 160. 



CHAPTER II. 

COMMON FRACTIONS. 




DEFIJVITIOJVS AJVD FUJ^DAMEJ^TAL 
PBIJVCIPLES. 
What a Fraction is.' 

1. If an apple is divided into 2 e<jual parts, what is one 
of the parts called ? 

■ Tbla iMp and the racceedlng ooe in bat rerlewa. 6«9 page 94. AIbo at 
this point H (Ugbl change In i^le will be noticed. The pupil la sapposed to have 
gained strength aa well as knowledge. The snb-heada " Flrit Step" "Stamd 
Step," eV^, will he omitted. 'Die habit ofohaerving these Ibrone'eBeir ought to 
be coltiTBled. 
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» 

If into 3 equal parts, what is one called ? 
Kinto4? 6? 6? 7? 12? 20? 23? 156? 

2. K you have 10 cherries and separate them into 2 
equal groups, what part of the cherries is one group ? 

If you have 12 cherries and separate them into 3 equal 
groups, what part of the whole is one group ? 

If you have 30 things and separate them into 6 equal 
groups, what part of the 30 is one of the groups ? If into 
10 equal groups, what part is one group ? If into 15 ? 

3. If you divide a melon into 11 equal parts, and give 
John 1 of them, what part of the melon has he ? If you 
give him 2 of the equal parts, what part has he? If 3? 
If4? If5? If6? 

4. What is one-third of 12 ? Two-thirds ? . 

5. What is one-fifth of 15 ? Two-fifths ? Three-fifths ? 
Four-fifths ? 

94. A Fraction is a number representing one or 
more of the equal parts into which a unit, or some num- 
ber taken as a whole, is conceived to be divided. 

6. Why is two-thirds a fraction ? One-seventh ? Five- 
ninths ? Three - tenths ? One - twelfth ? Eleven - fifty- 
sixths ? 

■ 

95. The number which indicates into how many equal 
parts the number is to be divided is called the Denom- 
inator. 

Denominator means namer; and it wUl be seen that the number 
of equal parts into which a thing is divided determines the name 
of one of those parts : thus, if we divide a thing into 3 equal parts, 
the parts are called (denominated) thirds; if into A:, fourths; if into 
13, thirteenths, etc. 

96. The number which indicates how many of the 
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equal parts are represented by the expression is called the 
Numerator. 

Numerator means numberery and hence the appropriateness of the 
name. If 2-tliiTd8 are taken, 2 tells the nuTnber'ot thirds, and hence 
is the numerator, or numherer ; if S-sevenths are taken, 6 is th^ 
numerator, or numherer, etc. 

97. The Terms of a fraction are the Numerator and 
Denominator. 



How a Common Fraction is Written. 

98. A Common Fraction is written in figures hy 
writing the numerator above the denominator with a line 
between them. 

!• What does -| signify ? Into how many equal parts is 
the division to be made? What are such parts called? 
How many of them are indicated ? 

2. Explain as above the meaning of |, |, ^, f , -^^ ^, 

3. Write in figures three-sevenths; four-ninths, one- 
thirteenth; 6-twelfths; 7-eighths; 11-seventeenths ; 123- 
three hundred and fifty-sixths ; two-tenths ; 203-thou- 
saudths ; one-half. 

4. If John has f of a pie and James has the rest of it, 
how much has James ? 

6. If Mary has | of an orange and Jane has the rest of 
it, what part has Jane ? How many fifths in the whole ? 
How many sevenths ? How many thirds ? How many 
elevenths ? 

6. Henry, James, and Philip divided some marbles; 
Henry took ^, James -^^ and Philip the rest. How 
many did Phi^ have ? 
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Kinds of Common Fractions. 

99. An Integer is a Whole Number in distinction 
from a Fraction. 

Whole numbers are also called Entire Numbers. 

100. A Mixed Number is an Integer and a Frao- 
tion written in connection, thus 4|, and signifies that the 
two are to be taken together. 

A mixed number is read by naming the whole number 
and then the fraction; thus 4f is read "four and two- 
thirds ; '' 136| is read « 136 and |,'' etc. 

101. A Proper Fraction is a fraction whose 
numerator is less than its denominator. 

102. An Improper Fraction is a fraction whose 
numerator is equal to or greater than its denominator, 

1. Point out the Integers, Proper Fractions, Improper 
Fractions, and Mixed Numbers in the following : ■^, 4J, 
i, 224, i, I, i^, H, m. 180. 

2. Write the following numbers and tell to which of the 
above kinds they belong, and why : five-sixths ; six-sixths ; 4 
and two-sevenths; twenty-eight; one twenty-eighth ; seven 
and one-third ; four-thirds; 12-fifths. 

103. The Value of a fraction is the amount which it 
represents. Thus two fractions are said to have the same 
value when they represent the same amount of anything. 

3. What is the difference in value of f and f ? Of | and 
1? Of I and I? 

4. What is. the difference in 

value of f and |^? Have ^ and i 1 1 \-^ — i ■ » 

f the same value ? Why ? i ■ i i 

6. Have f and f the same 
value ? Why not ? 
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Fimdamental Principles. 

1. A melon is divided into 7 equal parts, and James 
takes 2 of them ; how much has he ? If John takes 2 
times as many parts, how many has he ? 2 times f are 
how many sevenths ? 

2. What are the things represented by |? Are they 
halves, thirds, sevenths, or eighths ? How many are repre- 
sented ? How many would 2 times as many be ? 2 times 
I are how much ? 

3. 4^ are how many times f ? How many times \ ? 

4. 2 times ^^ are how many ? 3 times rf^ ? 

Principle I. 
104. Multiplying the numerator of a fraction^ while 
the denominator remains the same, multiplies the value of 
the fraction. 

Demonstration.* — ^The reason for this is that as the numerator 
teUs how many parts are represented, multiplying it multiplies the 
nuiriJiier of parts represented ; and as the denominator is not changed, 
the mxA of the parts remains the same. 

6. Multiply \ by 2, and give the reason for the process. 

6. Multiply I by 4, and give the reasons. 

So also find 4 times ^; 7 times -j*^; 128 times ^; 
2145 times -$^* What kind of fractions are these re- 
sults? Why? 

1. Into how many parts is 
this line divided by the marks 

on its upper side? Into what ' ' ' ' ' ' ' 
part of this nuniber of parts is 
it divided by the marks on its 



* Let the teacher explabi that a Demonstration ie a condenBed and formal 
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lower side ? How does dividing the line into only half as 
many parts as at first affect the size of the parts ? 

2. Which is the more, f or f ? What is the number 
of parts in each case ? Which are the larger, sixths or 
thirds ? How much ? 

3. Which is the more, f or |^ ? Which are the larger, 
eighths or fourths ? How much ? 

4. If you divide the denominator of f by 2, and let the 
numerator remain the same, how do you affect the value 
of the fraction ? f are how many times f ? Why ? 

Principle II. 
105. Dividing the denominator of a fraction, tohile the 
numerator remains the same, multiplies the value of the 
fraction. 

Demonstration. — ^The reason for this is that it multiplies the size 
of the parts represented, while the number represented remains the 
same. 

6. Show that |^ is 2 times ^. 
6. Show that | is 2 times ^. 



7. Into how many equal parts 
is this line divided? What is 

one of these parts called ? What 1,2 8,4 5 6 7 

r I 1 1 1 — ^_^ 1 1 , 

are 4 of them called? How much 
of the line is one-half of 4^ of it ? 
How much is i^ of 4 of this line ? 

8. How many parts are represented by ^? What are the 
parts ? How many parts are J of 8 parts ? What is -j^ -5- 4 ? 

Whatis3^^2? 4^3? 

• ■-■- »■■■■■- ■--- ^ ,, — — l.»l ■ ■■ I 111! ^ — ■ ■■■-■■■ ■■ — — — ■ — II 1. ^ 

preeentation of the reasons for a statement. It is the arKtunent which proves the 
statement tme. 
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Principle III. 

106. Dividifig the numerator of a fraction^ while the 

denominator remains the same, divides the value of the 

fraction. 

Demoiistration.-^Tlie Teason for this is that it divides the 
number of parts represented, while the size of the parts remains 
the some. 

9. Divide ^ by 2. By 5, Give the reasons. 

10. Why is + 1 of f ? What part of Jf is +? 

11. Divide | by 3. By 2. By 6. 



1. Into how many parts is 
this line divided by the marks 

on its upper side ? If we divide ' — ' ' ' ' • ' 

the line into 2 times as many 
parts^ how does it affect their 
size? Thirds are how many times as large as sixths ? 

Halves are how many times as large as fourths ? How 
do fifths compare with fifteenths? 

2. What will | become if you multiply its denominator 
by 2 ? Does it become more or less ? Why ? What part 
off is f? 

8. What will f become if you multiply its denominator 
by 3 ? Does it become more or less ? What part of f is 
A? Why? 

4. What eflPect does it have on a fraction to multiply 
its denominator by 2 ? By 3 ? By 6? 

Principle IV. 
107. Multiplying the denominator of a fraction, while 
the numerator remains the same, divides the value of the 

fraction. 

6 
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Demonstration. — The reason for this is that multiplying the 
denominator divides the size of the parts> while the number remains 
the same. 

6. Divide | by 2. By 3. By 4. Give the reasons. 
6. Divide \ by 4. By 6. By 12. 



1. What effect will it have upon 3 to multiply it by 4, 
and then divide the result by 4 ? What effect will it have 
on 7 to multiply it by 5, and then divide the result by 5 ? 

%. What is f multiplied by 5 ? What is ^ divided 
by 6 according to (lOT) ? Which is the more, f or fj ? 
Why? 

3. How do the divisions of 

this line show that f = f ? i ■ i ■ , • , 

4. Show that } = f . Also 
that I = A- 

Suggestion. — How many times as large as twelfths are fourths? 
Then how many times as many twelfths as fourths must we take to 
make the same part of a thing ? 

6. What effect does it have on the value of a fraction 
to multiply both numerator and denominator by the same 
number? Why? Why does | = iJ? 

6. What effect does it have on the value of a fraction 
to divide both numerator and denominator by the same 
number? Why? Why is A = 4? 

Principle V. 

108. The value of a fraction is not altered ly multiply- 
ing loth terms of the fraction by the same number, or by 
dividing both terms by the same number. 

Demonstration. — ^Multiplying both terms of a fraction by the 
same number does not alter the value of the fraction; because 
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multiplying the numerator mtUtiplies the number of parts, while 
multiplying the denominator divides the size of the parts. Thus, 
if we multiply the terms by 3, the new fraction represents 3 times 
as many parts, but the parts are only one-third as large. 

If we divide both terms, we divide the number of parts and mul- 
tiply the size, and hence do not change the value of the fraction. 
Thus, if we divide both terms by 5, the new fraction represents 
only one-fifth as many parts, but they are 5 times as large. 

7. Whyisf = A? Why is ^ = 1? Whyi8| = it? 
Why is If = i? 



SECTION n. 

REDUCTIOJ^ OF FBACTIOJ^S. 

109. Beduction is changing the form of an expression 
without altering its value. Thus changing \ into i is a 
reduction. 

To Lower or Lowest Terms. 

110. A fraction is said to be in its lowest terms when 
there is no number greater than 1 which will exactly 
divide both terms of it. 

1 1 1. A Common IMvisor of two or more numbers 
is a common integral factor ; that is, a whole number which 
exactly divides both or all of the numbers. 

Thus 3 is a common divisor of 12 and 18. 5 is a common divisor 
of 10, 15, and 20. Why? 

Note. — Although in the higher mathematics it is not well to try 
to avoid calling 1 and the number itself factors or divisors, for the 
purposes of Elementary Arithmetic some prefer to exclude them. 
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112. The Ghreatest Common Divisor of two or 

more numbers is the greatest whole number which will 
exactly divide them. 

Thus 8 is the greatest common divisor of 16» 24, and 32. Why ? 

1. What is a common divisor of 6 and 4 ? Of 10 and 
15? Of 8 and 12? 

2. How many common divisors of 8 and 12 can you 
name ? What is the greatest common divisor of 8 and 12 ? 

3. What is the greatest common divisor of 16 and 40 ? 
Of42and63?* 

4. What common divisor have the terms of the fraction 
f ? If you divide both terms of this fraction by 2, what 
does it become ? Doea this change its value ? Why not ? 

6. Is f in its lowest terms ? Why ? 
6. Is ^ in its lowest terms ? Why not ? 
What is ^ when put in its lowest terms? 
Why is I equal to ^ ? 

To Reduce a Fraction to its Lowest Terms. 

113. Bule. — Reject all common factors greater than 1 
from both terms ; or divide both terms by their greatest 
common divisor. 

Demonstration. — To reject a factor is the same as to divide by 
that factor. Hence rejecting the common factors does not change 
the value of the fraction by Principle V. And when all the com- 
mon fiictors are rejected, the fraction is in its lowest terms according 
to (UO). 

Beduce the following to their lowest terms mentally, 
giving the reason in each case : 

* It is thought that the subject of greatest common divisor is not of sufiScieni 
Importance in an elementary course to demand a formal treatment. In such 
cases as the pupil will have occasion to use it he can determine it by inspection. 
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7. A. 


10. A- 


8. A- 


11. H. 


9. A- 


12. if- 



13. «. 16. «. 

14. W. 17. H. 

15. H- 18. «. 

19, Reduce f)H to its lowest terms.* 

Suggestion. — ^As it is not easy to see what is the greatest common 
divisor of the terms of this fraction, we proceed thus : 

•>«! = '>«* = •>« = *. 

This process consists in dividing the terms successively by any 
number which will divide them both. These operations do not 
change the value of the fraction by (108)« and when there is no 
number which will exactly divide the terms, the fraction is in its 
lowest terms by (110). 

Show the truth of the following : 



20. « = J. 

23. m = A. 



26. Hi = f 

27. 



VW= f 



28. m = f 

29. -fff^ = ^. 

30. iWr = A- 

31. +H = «• 



Seduce the following to their lowest terms : 



32. fM. 

33. iH- 



34. «♦. 

35. Ml. 



36. H*. 

37. m- 



38. Htt- 

39. HI- 



Improper Fractions to Whole or Mixed Numbers. 

1. How many thirds in the whole of a thing ? Then 
how many whole things are 6-thirds equal to? How 
many whole ones are 12-thirds equal to ? 

2. How many fourths make a unit ? Then how many 
units in 8 fourths ? InJ^? InJ^? 

3. How many units in 12 fifths, and how many fifths 



* The best practical way for \Jb& yoimg learner to proceed in such cases is to 
begin with small nombers as diyisors and keep trying. 
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remain P ^ are how many units and how many fifths ? 
How do you write four and three-fifths in figures ? 

4. Show that -^^ are Of, 

To Reduce an Improper Fraction to « Whole or Mixed 

Number. 

114. Hule* — Divide the numerator ly the denomi- 
nator. 

Demonstration. — As the denominator shows into how many 
equal parts a unit is conceived to be divided, it shows how many 
such parts make a unit. Hence dividing the number of parts 
represented by the fraction — i. e., the numerator — ^by the number 
of parts which it takes to make a unit — t. e., by the denominator — 
we find how many units are represented by the fraction, and how 
many parts, if any, remain. 

5. Seduce J^ to a whole or mixed number. 

Solution.* — Since 13 thirteenths make one unit, 135 thirteenths 
make as many units as 18 is contained times in 125. 125 -i- 13 = 
and 8 remainder. Hence ^^ = 0^. 

6. Eeduce the following without writing, giving the 

solution as above : ^;f; i; V; ¥; ¥; ^; ¥; ¥;¥• 
Seduce the following to whole or mixed numbers, 
giving the explanation as above : 



7. W = ISirV. 
10. ^ = 27|; 

11. ifL = 12f 



12. 
13. 
14. 
15. 






16. -tjy^ 



17. ^m- 

18. JVW^ 

19. W- 

20. f*. 

21. -i^W. 



* Teacher explain that a Solntion is a fonnal statement of how an example is 
performed^ and Hie reasons tot each step. They &Te the eagakmaUons, These sola- 
tions are such as Jthe pnpil should be taoght to give. 
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Whole or Mixed Numbers to Improper Fractions. 

1 . When divided into thirds, how many thirds does 1 
make ? Then how many do 2 make ? 3 ? 4 ? 5 ? 

2. How many fonrths does 1 make ? Then how many 
do 6 make? 7? 12? 13? 6? 

3. How maoy fifths in 7 ? Why ? 

4. How many fifths in 7| ? How many in 7 ? Then 
35 fifths and 3 fifths make how many fifths ? 

5. How many thirds in 5| ? Why ? 

To Reduce a Whole or Mixed Number to an Improper 

Fraction. 

115. Rule. — Multiply the whole number by the denom- 
inator of the proposed fraction, and to this product add the 
numerator of the given fraction, if any, and write the result 
over the proposed denominator. 

Let the pupil write out a demonstration. 

6. Eednce 7-^ to elevenths. 

Solution^ — ^As there are 11 elevenths in 1, in 7 there are 7 times 
11 elerenths, or 77 elevenths. Now 77 elevenths and 2 elevenths 
make 70 elevenths. Hence 7^ = ||. 

7. BednceSftofiftihsP 

8. Beduce the following mixed numbers to fractions 
having the same denominators as the fractional parts^ 
without writing. Give the solution in each case : 

5|; ^; H; H; 7*; 5i; 12*; llj. 

9. How many thirteenths in 5 ? In 8 ? In 11 ? In 43 ? 
In 27? In 128? Tell why in each cafie. 

Answers to three, 104, 143, 351. 

10. Reduce 7 to thirds; 3 to fifths; 6 to halves; 13 to 
sevenths ; 21 to nineteenths ; 123 to 374ths ; 151 to 765ths, 
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Beduce the following to improper fractions : 



11. 23}. 


17. 124J. 


23. 


m. 


12. 5f. 


18. 342|. 


24 


2Hf- 


13. 16|. 


19. 200f 


25. 


3«. 


14. 17A- 


20. 1256f. 


26. 


5tV- 


15, 57tV- 


21, 48^. 


27. 


'^1?0* 


'6. 81f 


22. 2^. 


28. 


13T*k- 



Common Multiples. 

1. Does 6 contain 3 aa a factor ? * 12? 8? 10? 21? 

2. Does 12 contain 4 as a factor P Does 28 ? 20 ? 
21? 10? 32? 40? 37? 

116. A Multiple of a number is a number which 
contains that number as a factor.* Hence a Composite 
Number is a multiple of each of its fectonu 

117. A Common Multiple of two or naore num- 
bers is a multiple of each of them. 

118. The Least Common Multiple of two or 
more numbers is the least number which is a multiple of 
each of them. 

3. Is 12 a common multiple of 3 and 4 ? Why ? Is 12 a 
common multiple of 6 and 5 ? Is it a multiple of either ? 

4. Is 36 a common multiple of 4 and 6 ? Is 24 a com- 
mon multiple of 4 and 6 ? Is 12 ? Is there any number 
less than 12 which is a common multiple of 4 and 6 ? 

5. Mention some number which is a multiple of 3 and 
7. Of2, 3, and5. 

6. Mention some number which is a multiple of 5, 7, 3, 



* In speaking of multiples the number itself and 1 are considered as Actors, 
and any number is its own least multiple ; but fractions are excluded. 
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and 2. If you multiply these all together, will their pro- 
duct contain each as a factor? Will it be a common 
multiple of them all ? 

119. The Product of two or more numbers is a 
Common Multiple of them all, since it contains each of 
them as a &ctor. 

7. Does 8 contain the factors of 6 ? Which of the fac- 
tors of 6 does it not contain ? 

8. In division we learned that we could divide by any 
number by dividing by its fectors (89). If then 24 is a 
multiple of 6, must it be exactly divisible by the factors of 
6 ? Is it ? Is 24 then a multiple of 6 ? Why ? Ans^y 
Because it contains the factors of 6. 

9. Can a number be a multiple of another if it does not 
contain all the factors which make up the latter ? Why 
not ? Because, according to (89) in division, if a number 
is exactly divisible by another, it is exactly divisible by its 
fa^ctors. 

10. Does 30 contain the factors of 12 ? The factors of 
12 are two 2'8 and 3. Does 30 contain 2 2's as factors ? 
Is 30 a multiple of 12 ? Why not ? What factor does it 
lack ? K we put in this lacking factor and make 60, is 60 
a multiple of 12 ? Why? 

11. Is 60 a common multiple of 6 and 4? Does it con- 
tain any factor which is not a factor of 6 and 4 ? Is this 
factor of any use in it as a multiple of 6 and 4 ? Is 60 
the least common multiple of 6 and 4 ? Why not ? 

Answer. Because it contains a fector 5, which is un- 
necessary in it as a multiple of 6 and 4. 

12. Why is not 12 a multiple of 8 ? 

Answer. Because 8 has three fectors 2, and 12 has only 
2 such factors. 
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13. Why is not 30 a common multiple of 9 and 15 ? 
Does it contain the factors of 15? Does it contain the 
factors of 9 ? It has one factor 3 ; why does it not con- 
tain 9? 

K we introduce another iactor 3 and have 3 times 30, or 
90, have we then a common multiple of 9 and 15 ? Has 
90 any factor which neither 9 nor 15 has? What one? 
Has it more than one such factor? 

What is the least common multiple of 9 and 15 ? Why ? 

Answer. 45 is the least common multiple of 9 and 15, 
for* it contains the factors which compose each of the 
numbers and no other factors. 

14. Can a multiple of a number be less than the number 
itself? Why? 

Can a common multiple of several numbers be less than 
the largest of the numbers ? Why ? 



To Find the Least Common Multiple of Two or More 

Numbers. 

120. Bule. — /. Resolve each of the numbers into their 
prime factors (93). 

//. Multiply the largest number by all the prime factors 
found in the next smaller number and not in it. 

IIL Treat this product and the next smaller number in 
the same way^ and continue the process till all the numbers 
are used. 

Demonstration. — ^We take the largest number, because the least 
common multiple must contain it. Then we multiply this by all 
the prime factors contained in the next smaller but not in the 
largest, because if there is a component factor of this number lack- 
ing in the product, it will not contain this number ; and so on of all 
the numbera. 
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The product thus obtained is the leaxt common multiple, because 
no factor can be left out of it without preventing its containing 
some one of the numbers. 

15. Find the least common multiple of 27, 42, and 36. 

Solution. 

42 = 2x8x7. 38 = 2x2x3x3. 27 = 3x3x3. 

.'.42x2x3x3= 756, the least common multiple. 

For as the number must contain 42 as a factor, we write it as one 
of the factors of the multiple sought Then as 36 contains two fac- 
tors 2, and two factors 3, and 42 has but one each of these, we write 
these factors as &ctors of the multiple, and have 42 x 2 x 3. Now 
this product has but two factors 3 in it, whereas 27 has 3 sudi fac- 
tors. Hence we write another factor 3, and have 42 x 2 x 3 x 3 
= 756 as the least common multiple. It is the least common mul- 
tiple, because no factor can be omitted from it without preventing 
its contaioing some one of the numbers. 

If we strike out one factor 2 from 42 x 2 x 3 x 3, which number 
will the product not contain? If we strike out one factor 3, which 
number will the product not contain ? If the 7 (in the 42) ? 

16. Find the least common multiple of 3, 8, 9, 12, 
and 16. Least common multipUy 144. 

17. Find the least common multiple of 45, 63, and 81. 

Least common multiphy 2835. 

18. Find the least common multiple of 8, 36, 9, and 17. 

Least common multiple, 1224. 

19. Find the common multiple of 16, 20, 32, and 75. 

20. Find the least common multiple of 4, 6, 8, and 10. 

21. Find the least common multiple of 9, 3, 12, and 15. 

22. Find the least common multiple of 21, 7, 4, and 9. 

23. Find the least common multiple of 6, 4, 12, and 20. 

24. Find the least common multiple of 8, 7, 10, and 14. 

25. Find the least common multiple of 15, 2, 7, and 13. 

26. Find the least common multiple of 24, 5, 6, and 10. 
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27. Find the least common multiple of 5^ 10, 13^ and 24. 

28. Find the least common multiple of 6, 1, % and 17. 

29. Find the least common multiple of 11, 4, 5, and 19. 
30^ Find the least number which 1, 2, 3, 4, 5, 6, 7, 8, 

and 9 will exactly divide. 



8 



Common Denominators. 

1. How many sixths in f ? 
How many sixths in J ? 'i"2'8'4'«j'6 

2. How does it appear from 
(108) that I = f? 

How that i = I? S ' 2 ' 8 ' 4 ' 6 ' 6 ' 

3. Have f and ^ a common 
denominator? 

Have f and f a common denominator ? What is it ? 

4. Show that i = ^; i = ^; i = H' 
Have "^9 1, and ^ a common denominator? 

Have ^, -^^ and j^ a common denominator? What 
is it? 

5. Can you multiply the denominator of f by any whole 
number that will make it 10 ? By any one that will make 
it 24? 

If you multiply the denominator by 8, what must you 
do to the numerator so as not to alter the value of the 
fraction ? f = how many twenty-fourths ? 

Can you reduce ^ to twenty-fourths ? By what will you 
have to multiply both terms of the fraction ? ^ = how 
many 24ths ? 

I = how many 24ths ? ^ = how many 24ths ? 

Fractions are said to have a Common Denominaior when 
their denominators are alike. 
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To Reduce Fractions to Equivalent Ones having a Common 

Denominator. 

121. Rule. — Multiply loth terms of each fraction by 
the denominators of all the other fractions. 

Demonstration. — This gives a common denominator, because 
each denominator is the product of all the denominators of the 
several fractions. The value of any one of the fractions is not 
changed, because both numerator and denominator are multiplied 
by the same number (108). 

6. Beduce ^, i, and f to equivalent fractions having a 
common denominator. 

Solution.— Multiplying both terms of ^ by 3 and 5 we have 



B X s X 
T X 3 X 

8x7x5 






1 X 



— "go 
6 — tVT' 



X 
X 



1X3— SS 
7x8 — TUS* 



In like manner, 

So also i 

The denominators are all alike, because each is the product of 7, 
8, and 5. ^^ = f , because it arises from multiplying both terms 
of f by 15, which does not change the value of the fraction accord- 
mg to (108). 

[In like manner, show that ^ = f , and ^ = {.] 

Beduce the following to equivalent sets of fractions 
having common denominators, and give the explanation as 
above : 



7. A, h 


1 




13. ^, 


t»ff, f 




8- i> ♦> ^ff- 




13. i. 


h h 


f 


9. i, h i- 




14. H, 


H- 




10. h h ^^ 




15. m 


t¥5- 




11. A, ^, f 




16. tItj 


' ilf 




jrfonn the foUowing m 


entally : 






17- i, |. 




19. 


i i- 


31. 1, 


i 


18. f, f 




20. 


¥, t- 


33. 1[ 


*. 
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To Reduce Fractions to Equivalent Fractions having the 

Least Common Denominator. 

122. Bule, — Find the Least Common Multiple of all 
the denominators for the Least Common Denominator. 
Then multiply both terms of each fraction by the quotient 
of the Least Common Multiple divided by the denominator 
of that fraction. 

Demonstration. — ^The purpose for which we get the least com- 
mon multiple is that we may know what the hast number is which 
can be produced by multiplying each denominator by some number. 
Then we divide this least common multiple by each of the denomi- 
nators in turn to find by what both terms of each particular fraction 
must be multiplied in order to reduce the fraction to one having 
this least common multiple for its denominator. That the values 
of the fractions are not changed is evident from (108). 

N. B. — TkU rvle premmea aU the fractions to be in their lowest 
terms, 

1. Eeduce f , f , and ^ to equivalent fractions having the 
least conimon denominator. 

Solution. — ^The least common multiple of 6> 8, and 12 is 24 (118). 
Now to make the denominator of f 24, we must multiply it by 4. 
But to preserve the value of the fraction we must multiply the 
numerator also by 4. Hence we have A J J = JJ. 

In like manner, ^ J | = ^. 

And tV X I = it- 

[The pupil tell why f = fj, f = Ai and A = HO 

Reduce the following fractions to equivalent sets of 
fractions having the least conlimon denominators, per- 
forming all that you can mentally : 



2. i f 

4:. i? ii T* "Ts* 

5* TT' TS"' ■§■• 

6» A» tstj • iV- 



7. I, A. 

10. i, i, J, A- 
11- h A- 



12. i, I, fr 

13. -f^y -Jf^j "H-* 

1^' "30' tVj 'nro"' 

15. i^(j-, J-, "Hj |« 

16. I, t, A. 
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SECTION in. 

ADDITIOJ^ AJfB SVBTRACTIOJf OF 

FBACTIOJfS. 

1. If John has | of a melon and James has |, how many 
eighths have both ? | '+ | = how many ? 

How much more has John than James ? | — | = how 
many? 

2. If John has | of a melon and James has |, how much 
have both together ? The | are how many Gths ? 

How much more has James than John P 

To Add or Subtract Fractions. 

123. Hule. — Reduce the fractions to equivalent ones 
having a common denominator {if they have not such a 
denominator at first), and then add or subtract the n'ume- 
rators as any other numbers, writing the result over the 
common denominator. 

DemonstratioD. — ^R^ducing the fractions to forms having a com- 
mon denominator does not change the values of the fractions, and 
hence does not change their sum or difference. When they have 
like denominators, their numerators represent parts of the same 
kind> lEuid hence can be added or subtracted.* 

3. What is the sum of f , ^, and ^ ? 

Solution. — ^Reducing these fractions to forms having a common 
denominator, we have } = ^, f = ^J. Hence if we find the sum of 
^, \i, and ^t it will be the sum of f , f , and ^, since the former 
are equivalent to the latter. 



* It may be necessary for the teacher to illastrate the t&ct that only numbers 
representing like things can be added or sabtracted. 
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Now A + ft + A = H» '^^'^ ^®y represent 8, 10, and 7 things all 
of the same kind, viz., 12thB. Finally the improper fraction f| = 
2 A by (114). 

Perform the following additions, reducing the results to 
mixed or whole liumbers when improper fractions arise, 
and to their lowest terms when they are proper fractions : 

4. l + f+A- BumA^^ 

«. A+A+t+f ^wm,lit*. 

7. i + t + * +f Sum, %\, 

8. J + t + f +f Sum^m 

14. Subtract | from |^. 

SuggesUon. { = A Hence H-* = H-A = A 
Perform the following subtractions. Most of them should 
be done without writing : 

20. V - i- 

21. A - f 

22. H- A. 



»• f +* + A+i. Sum,2^. 

10. ♦ + t + A+ A. Sum, IftJ. 

11. I +V+ l+V. Sum^Sl 

12. I +V+ V+V+f ^wi,33. 
13.H^+«+^. Sum,eO, 



15. f — i. ifem., J. 

16. } — i. iJ^m., f . 

17. t - t- -R^-» A- 

18. H - f -R^-. H- 

Perform the following mentally : 

81. i + i + }. 

82. H - f . 

83. «-f. 



28. J^ - i =3. 

24. J^ - iy. = 0. 

25. *p - i = 55. 

2«. Wi^ - AV= WW. 



27. i + f 

28. J-i. 

29. i + J. 

30. }-f 



34. t + I + f . 



35. i + |. 
sa i - |. 

37. V - f 

38. V + tt. 



39. Add 4| and 5|. 

Suggestioii. — Adding the fractions, we havef +f=|= 
1^. Writing the } as a fraction and adding the integer 
1 to the integers 4 and 5, we have 10^. . 

40. Add 5i, llj, and 2^. 
What is the sum of i, \, and ^? 
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41. Add 214J, 517,V and 145^. Sumy 876^. 

42. Add 3|, 17|, and 2^. Sum, 49f 

43. Add 3t, 17f, and 4^^. Sum, 25 J^. 

44. Add 126, 13|, 40*, and 7^. Sum, 188. 

To Add Mixed Numbers or Whole Numbers and Fractions. 

124. Hole. — Add the fractions first, reducing the re- 
sult, if an improper fraction, to a mixed number, and 
writing the fraction thus arising, prefix to it the sum of 
the integers and the integer {if any) arising from adding 
the fractions. 

Mixed numbers may be reduced to improper fractions and then 
added ; but this is not a desirable method. 

45. Add ii, 5^, and | by both the aboye methods, and 
see which is better. 

46. Add I, 2\, 10^, 3^, and 8. 



47. Prom 256* take 117^. 

Suggestion. — Since | = f, we have 256|—117f. ffrom 256I 
f leaves } or ^ ; and 117 from 256 leaves 139. Hence 117f 
256} - 117f = 1391. ^39i 

48. Prom 34J take l^. 

49. From 83^ take 27|. 

50. From 157| take 684. 

Suggestion. — ^As ^ is less than {|, we take 
1 = tt from the 7, which with the J| makes '^^'^i = ^^\i 
IM = if. Then taking f J from «, and 68 from ^^ " -?||| 

156, there remains 88|t. 

51. From 7f take 3|. Rem., 3^. 

52. From 13 take 9|. 
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Suggestioik — Kr there is no fraction in the minuend, we 
take one of the 3 units from which to subtract the { in the ^^g 
subtrahend. \ from 1 ({) leaves ^, and 9 from 12 leaves 3. -of 
Hence the remainder is 3^. 

53. From 285 take 156^3^. Rem.y 128^. 

54. From 11 take |. From 11 take ^. 

55. From ^ take 4. jBOw., 2|. 

56. From 81^ take 43. R&nuy 38^. 

To Perform Subtraction when both Whole Numbers and 

Fractions are involved. 

126. Hule. — First take the fraction in the subtrahend 
from that in the minuendy or if the latter fraction be the 
smaller, from it increased by 1; and then subtract the re- 
maining integersyprefixing the latter remainder to the former. 



57. From 75^^ take 28^. 

58. From If take |. 

59. From 2 take t^. 



60. From 8 take )^. 

61. From 31|i take 281- 

62. From 1285^ take 999^. 



SECTION IV. . 

MULTIPLICATIOJf OF FBACTIOJ^S. 

To Multiply a Fraction by an Integer. 

126. 'RvIq,— Multiply the numerator y or divide the 
derhominator by the integer. 

This is the same as Principles I. and IT. (104, 106). If neces- 
sary review those, and solve the following, giving the explanations 
as hi those articles ; 
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1. f X 3 

2. I X 2 

3.HX 7 
4. ^ X 12 



what? 
what? 
what? 

what? 



5. 
6. 

7. 






X 264 
X 81. 
X 91. 



8. .AftAr X 500. 



9. tV x4. 

10. ^ x25. 

11. 4^ X 12. 
1^- ii+l X 286. 



13. Multiply ^ by 40, using the fiactors of 40, 8 and 6. 

SnggestioiL ft x8 = |; Mid t X 6 = V^=7J. Hence ft x 40 
= 7f What priiMapleB aie iwed? What in Simple Division? 
What two in fractions? 

Solve as above and explain the following : 



14. Tft X 24. 

15. \{ X 27. 

16. ^V X 50. 



17. if X 15. 

18. f X 6. 



20. Hi X 147. 

21. ^ X 60. 

^2. i¥r X 3=V. 



19. ^ X 21. 

[Let the pupils write a rule for this case, that is, when the multi- 
plier contains a factor which is also a factor of the denominator of 
the multiplicand.] 



23. Multiply 12^ by 9. 

Suggestion. 9 times f are ^, which is 8 and f . 9 ^n. 
times 12 are 108, to which adding the 3 we find that 9 9 

times l^ are lllf 111^ 

Solve as above the following, performing such as you 
can mentally : 



24. 23f X 11. 

25. 137H X 12. 

26. ^ X 5. 

27. 5i X 6. 



28. 34721 X 7. 

29. 126iff X 23. 

30. 4f X 8. 

31. 5| X 4. 



32. 482^ X 126. 

33. If X 10. 

34. 10^ X 6. 

35. l^ X 8. 



N. B.— Let the pupils write the rule and state the case. 
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36. Multiply | by 5. 

Suggestion. — If we divide the denominator by 5, according to tlie 
rule, we have f , or 3. Or, if we multiply the numerator, we have 
J^, or 3. Hence we see that 

127. To multiply a fraction by a number equal to its 
denominator^ we simply drop the denominator. 

37. Whatisf x7? | x 3? i|xl3? 4^x2? 



To Multiply by a Fractiocu 

1. If I multiply a number by 12, how many times as 
great a product do I get as when I multiply by 6, which 
is i of 12 ? How many times as great as when I multiply 

by 3? By 4? 

2. If I wish the product of 13 when multiplied by 3, 
how can I get it fix)m 6 times 13, which is 78 ? How can 
I get 3 times 13 from 12 times 13, which is 156 ? 

Principle I. 

128. Any multiplicand multiplied by any multiplier 
gives 2 timss as great a product as when multiplied by ^ 
that multiplier^ 3 times as great a product as when mul- 
tiplied by \ that multiplier y 4 times as great as when mul- 
tiplied by i that multiplier^ etc. 

3. By what must I divide to get 5 times 23 from 230, 
which is 10 times 23 ? From 460, which is 20 times 23 ? 

4. Eight times 7 are 56 ; from this how many are 4 times 
7? 2 times 7? 

What part of 8 times 7 is 4 times 7 ? 2 times 7 ? 
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1. Here are two apples divided into 
thirds, i of each of the 2 apples 

makes how much ? /J^ ^Jr\ 

What part of 2 is f ? m/' %/ 

2. What part of 3 is |? That is, /2| (3 
if 3 things are divided into 4ths, and 

1 is taken from each, how much is j^ (ft\ ffJ^ 
taken ? What part of the 3 is taken ? m/ ^W/ m/ 

3. What part of 5 is I? Analyze* (^ (\ (^ 
the operation as above. 

4. In like manner show that f is | 

of 7. That ^ is ^ of 11. That ^ is + of 4. That ^ is 
I of 13. That ifi^ is i of 141. 

Principle II. 

129. The Numerator of a fraction may be considered 
as a Dividend and the Denominator as a Divisor of ity the 
valvie of the fraction being the quotient. 

5. Show that ^ may be considered as 7 divided by 11. 

If we take 7 things and divide each into 11 equal parts, and then 
take 1 part from each, what part of the 7 have we? How do we 
get ^ of anything (92) ? Then how many llths have we when we 
divide7byll? 

6. Show that ^ may be considered as 6 divided by 5. 



1. Multiply 15 by f 

Solation, If we multiply 15 by 3, we have 45 ; but according to 
(129) i is only i of 3 ; hence, according to (128), 45 is 5 times as 
large as it should be. Therefore 46 -♦- 6 = 9 is the correct product, f 

* The teacher may explain that solving a question and giving the reasons for 
each step is sometimes called analyzing it. 
t If thought best the teacher can explain that this is the same as mnltiplying 
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2. Multiply 7 by f 

Solution. 2 times 7 = 14 But sinoe the multiplier is only | of 
2, this product is 5 times as large as it should be. Hence the true 
product is 14 -f- 5 = 2f . 

3. Multiply 8 by |, and explain as above. 

4. Multiply 11 by |, and explain as above. 

5. Multiply 13 by |; 15 by |; 14 by f ; 18 by }. 

6. Multiply f by f 

Solution.— Multiplying f by 4 (104) we have J^. But this pro- 
duct is 5 times as great as it should be by (128). Hence we must 
divide J,^ by 6. V + 6 = H by (107). 

7. Multiply i by f 

How do you multiply by 2 ? How divide by 6 ? 

8. Multiply I by |. 

To multiply by 3 divide the denominator; thus f x 8 = | (106). 
Now to divide f by 2, divide the numerator ; thus f -f- 2 = |. Hence 
fxt = f 

9. Multiply ^ by }, performing both operations by 
dividing. 

To Multiply by a Fraction. 

130. Hule. — Multiply by the numerator and divide 
by the denominator. 

Why multiply by the numerator? Why divide by the 
denominator? 

Perform the operations by division as far as practicable ; and 
when the multiplicand is an integer which is divisible by the 
denominator of the multiplier, ^yide first. 

Solve the following, performing the operations by 

divirfon whenever practicable; and when the multipli- 

■» " ■■■ t ■ " ■ 

l>y the foctors of the xanltiplier in snccession, according to (58). Thus the &c- 
iora of I are 3 jmd |. 15 x 3 = 45, and to multiply by I is to take | of a nnmher 
or to divide 1^ 6. Qence 46 x | = 9. 
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cand is an integer^ divide first if you can. Do oM men- 
taUy: 



10. 12 X f 

11. 13 X f 

12. H X f 

13. H X f 

14. 28 X }. 

15. 17 X f 



Prod., 10. 
Prod., 1^. 
Prod., f . 
Prod., ^. 
Prod., 49. 
Prod., \\\. 



16. I X f 

17. ♦ X f 

18. Y X ♦• 

19. fl X f 

20. 15 X f 

21. 31 X \. 



22. f X f 

23. A X f 

24. 3«y X f 

25. 4 X i^. 

26. 20 X \. 

27. 11 X \. 



To multiply by } ifi to take what part of a number ¥ To multiply 
l^yi^ Byi?» 

Will multiplying by f give a greater or a less product than mul- 
tiplying by J ? How much ? 

To multiply by f is to take \ of the multiplicand. How do you 
get \ ¥ From this result how do you get \ of the multiplicand ? 

See if you can explain multiplying by a fraction on these prin- 
ciples. 

The rule for multiplying one fraction by another is sometimes 
given thus : MuUiply the numerators together for the titimerator of 
the product, and the denomnatora together for the denominator of the 
prodtiet. 

Can you give the reasons for this rjde? They are just the same 
as for the rule (130). How does multiplying the numerator of the 
multiplicand affect the multiplicand? How does multiplying the 
denominator of the multiplicand affect the multiplicand. 



Perfonn and explain the following : 



28. Ax^. 

29. HxW- 

30. f X f 



31. 184 x|. 

32. 300 x|. 

33. 72 X f 



34. 53 X ^% 

35. 256 x^. 

36. 1000 x^. 



37. H xH. 
39.iWyxW. 



* It may be well to omit these six paragraphs nntil a review is taken. Do not 
trouble the beginner with too many methods. 
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Cancellation. 

40. Multiply M by f|. 

Solution. Iy X yI = W X i l' ^^^ ^® ^^*^ ^®® * '*ctor 6 in 
the 10 in the numerator and also in the 15 in the denominator. 
Rejecting this factor from the numerator divides it by 5; and 
rejecting it also from the denominator divides U by 5. Hence if we 
reject it fix>m both vre shall not alter the value of the fraction (108). 

Thus we have i? "^ ?! = /r-^-^t Again, we see a factor 7 in the 
28 in the numerator, and also a factor 7 in the 21 in the denomina- 
tor, which can be rejected for a like reason with the 5. (What is 

the reason?) Thus we have ^^Tz = 1"^ = 1' 

131. Bejecting equal factors which appear both as 
multipliers and divisors in an operation is called Cancel- 
lation*. 

Cancelling such equal factors does not change the value of the 
result, because dropping a factor from a multiplier would divide 
the result, while dropping it from a divisor would multiply the 
result. Hence one operation compensates for the other. 

41. Multiply together the three fractions f, Jf, and -fg. 

OpeMition. 1 X i^ X -^ = ^^^^^"^ = -X. . 

*^ « ^ 85 84 4 x|iij,x»4 — 40 

6 S 

Bxplanation. — Observing the factor 12 in the numerator and a 
like factor in the 24 in the denominator, we cancel it, leaving a factor 
2 in place of 24 in the denominator. This does not change the value 
of the result. (Why ?) In like manner we cancel the 7 in the numera- 
tor and the same factor in 85 in the denominator. (Why ?) As there 
are now no common factors, we perform the indicated multiplica- 
tions, and have ^ as the product. 

42. Perform by cancellation i^^x^x|-xfx-2gl^. 

3 

Operation. J^x-^x^x^x^-^^'' ^^i^il^^\^^^ 
Pupil trace the process and give the reasons. 



MULTIPLWATtON Of FRACTIONS. 



145 



1 



43. What is I of 4? 

Observe that to multiply by f is to take f of a number ; or to 
take \ 3 times. Hence f of f is f x { ; or, since in multiplying it 
is immaterial which of the factors we use as the multiplier, | of f 
is the same as f x f . 

Fractions connected by the word "of" ore 9omeiHmes eaUed Com- 
pound Fractions. This " of" is simply equivalent to the sign x . 

Perform the following by cancellation : 



44. |oftof|ofi=A. 

45. I x| x^x^x *• 

46. 8 x-i^x^x^x f. 

47. 15 X I X I X I X ^. 



48. I of M of A of 14. 

49. 1 of i of 12. 

50. iofi;iofi;ioff 

51. 30 X I X I X ^. 



Perform the following, first reducing the mixed num- 
bers to improper fractions : 

52. 5|x4J=25i|. 

53. 8 x2|xAx3V x2t=2A. 

54. 8|x2VVx3Jxl6|=1208i. 

Two mixed numbers may be multiplied 
as in the margin. See if you can trace the 
process. 



55. 44x51=24. 

56. 2|x3}=9f 

57. 7ix4i. 

5| 



58. Multiply -i^ by J, by cancellation. 

Suggestion. — We have 



-^-^. Now as both the 8 and 7 are 

6 

cancelled in the numerator, what remains ? Is the numerator of 
the product 0? No; if we remember that cancellation is only 
dividing the terms of the fraction by the same number, we shall 
see that really there is a factor 1 to be understood when we cancel 7, 
and also when we cancel 3, so that the result would be j-^ri" ~ 5* 

59. Perform the following: |x||x|x|;fx|i^x 
fx4;^x|x35;J^xi^xl0xf 
7 
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SECTION V. 



DiriSIOJf OF FBACTIOJfS. 



To Divide a Fraction by an Integer. 

132. Hule. — Divide the numeratovy or multiply the 
denmninator by the integer. 

This Is the same as Principles III. and IV. (106, 107). If 
necessary review those, and solve the following, giving the expla- 
nations as under those articles : 



1. f-f-5: 

3. |~3: 

4. ^-4-2: 

5. \i^b 



:what ? 
:what ? 
:what? 
:what ? 
:what ? 



6. ttf 

8. Ml 
10. i 



7. 

7. 

151. 

19. 

5. 



11. J^^IO. 

12. M-^13. 

13. ^f ^111. 

14. fB-93. 

15. i*i^20. 



To Divide by a Fraction. 

1. How many sixths are there in 1 ? Then how many 
times is \ contained in 1 ? 

2. What is 1-T-i? l-^i? l-^i? 1-f-i? TeU 
why in each case. 

3. How many times is \ contained in 1 ? 

Solution. — Since there are 6 sixths in 1, ^ is contained 6 times in 
1. And as } is 2 times i, f is contained in 1 only \ as many times 
as \ is. Hence f is contained \ of 6, or 8 times in 1.* 



* If thoaght expedient the teacher may show that this is hut dividing saccess- 
ively by the flictors of the divisor according to (89). Thus to divide 1 by | we 
divide snccesflvely by \ and 8 1 •«- i = 8, and 8 •«- S = |. 



DIVISION OF FRACTIONS. 147 

4. How many times is \ contained in 1 ? 

Solution. — Since there are 8 thirds in 1, ^ is contained 3 times in 
1. And as f is 2 times i» f is contained in 1 only \ as many times 
as ^ is. Hence f is contained \ of 8, or f times in 1.* 

5. In like manner find how many times { is contained 

Principle. 

133. A Fraction inverted shows how many times that 
fraction is contained in 1. 

134. The Keciprocal of a number is 1 divided by 
that number; hence the Reciprocal of a fraction is the 
fraction inverted. 

6. Find how many times each of the following is con- 
tained in I9 and give the solution in each case : f ; ^9 A' 
4 5 \\ f5 \\ T5"5 tH' 



1. How many times is \ contained in 5 ? 

Solution. } is contained in 1 1 times : and since 5 is 5 times 1, 
f is contained 5 times as many times in 6 as in 1. Hence } is con- 
tained 5 times f , or Jj^ = 7^ times in 6. 

2. How many times is \ contained in 6 ? 

Suggestions. — How many times is f contained in 1 ¥ If f is con- 
tained } times in 1, how many times is it contained in 6 ? 

Ans.t 14 times. 

3. How many times is f contained in 7 ? 

Ans.y \\\ times. 

4. How many times is \ contained in f ? 

Solution. } is contained f times in 1, and in f it is contained f 

* See note on preceding page. 
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as many tiines as in 1. Hence | is contained in f , | of }, or W 

times. 

5. How many tiines is ^ contaiQed in -^ ? 

Suggestions. 1 4- f = f . Hence J^-i-f=:^off = ff = 1^. 

To Divide by a Fraction. 

136. Hule. — Invert the divisor and multiply the result 
by the dixidend. 

Demonstration. — The divisor inverted shows how many times 
the divisor is contained in 1. Then in 2 it will be contained 2 times 
as many times as in 1 ; in 8, 8 times as many times ; in 4, 4 times as 
many times ; in f , } as many times ; in |, f as many times, etc. 

6. Divide n by f 

Solution, f is contained | times in 1, and in 11 it is contained 11 
times as many times as in 1. Hence 11 -i- f = 11 times }= -^ = 25}. 

7. Divide | by ■^. 

Solution. -^ is contained ^ times in 1, and in f it is contained f 
times as many times as in 1. Hence f -i- ^ = f times V^ = ff = 3^. 

Perfonn the following, giving the solution in full : 

8. 8 -:- f =36. 16. 12 -^3^. 24. 6 -^ f 

9. 4^.32^=2^. 17. H-^H- ^5. 

10. t -f- 4 =||. 18. * -4- f 26. 

11. 11-?. f =16f 19. 127.^^. 27. 

12. 17-?- f =6|. 20. 43 -^ i. 28. 

13. H- *=i«. 

14. l^A=15f 

15. i-^VV=5A- 
32. Divide 4| by |. 

Suggestion. 4| = x* ^^^ ¥ • •" a 

Peribrm the following, reducing the mixed numbers to 



16. 12 -. 


^1^- 


17. Hh 


-H. 


18. \ -. 


ri- 


19. 127H 


r^. 


20. 43 - 


h|. 


21. 71 - 


5-f 


22. A- 


rA- 



23. tV "^ T' 



i 
+ 

Tfr 



i- 
i- 
*• 

A- 

29. 10 -T- |. 

30. 100-;- T>T. 

31. T*8-^- 



i=i4 X * = 6. 
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improper fractions, and then, putting the operation in the 
form of a problem in multiplication, cancel as much as 
possible : 



33. 101-^3^. 

34. 15S^6f 

35. ^■ff'^TZ' 

36. lH-T-7if. 



37. m^ m- 

38. yfj- -T- 44^. 

39. Hh- 1|. 

40. 121^-5-23^. 



41. 25f H-2|. 

42. 122-^-71. 

43. Y -^ ♦• 

44. ¥ - |. 



Complex Fractions. 

136, An expression in the form of a fraction having 

a fraction in its numerator or denominator, or in both, is 

A A 41 
called a Complex Fraction ; as |, |, ■^, etc. 

^ y 3 

1. What is the numerator of | ? If you multiply | by 3, 

■1x3 
what does it become ? (127). Then what is j — ^ = to ? 

2. Whatis f ^f^ J = to? What are the terms of f ? 

^ X 6 X 7 f 

137, A fraction with a whole number for a numerator 
and a whole number for a denominator is called a Simple 
Fraction. 

To Reduce a Complex Fraction to a Simple Fraction. 

138, Kule. — Multiply both terms of the complex frac- 
tion ly the least common multiple of all the denominators 
of the partial fractions. 

Demonstration. — This does not alter the value of the complex 
fraction according to (108). It destroys the denominators of the 
partial fractions, because to multiply a fraction by a number equal 
to its denominator, we simply drop the denominator (127), and as 
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the multiplier contains eacli denominator of a partial fraction as a 
factor, all the denominators will disappear in the process. 



3. Beduce -f- to a simple fraction. 

SolntioB. — ^The least common multiple of 9 and 12 is 86. Hence 
^ fx36 I x4 X » g 
^^ ^^* A^r36' " J-xltxZ = A- 



X)i 



Beduce the following Complex fractions to simple frac- 
tions, whole or mixed numbers : 



4 !-15 
i ~ 14* 

6 ^« - ^ 
**• T~55' 



9. 



H' 



10.^. 
11 ^ 

12. 3^. 

13. ^ 



14. 



15. 



16. 



17. 



18. 



121^ 
327i" 

I 

lllf 

11141 
66i * 

49* 
12f 



Applications. 

[Let it be borne in mind that in aU cases when the numbers are 
reasonably small and the combinations not too numerous, the solu- 
tion is to be given without writing, and in all cases the Beasans 
for the Processes are to be given in clear and logical statement.] 

1. How many cents make |1 ? How many cents are i 
of a dollar? ^ of a dollar? J? |? |? |? ^? 

* It is not necessary nor best in snch cases to reduce the mixed nnmbers to 

SI X 8 31 8 
improper fractions. In this case multiply both terms by 8, thus qt— g = eg = V 
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2. One is what part of 2? Of 3? 4? 5? 6? 7? 
12? 57? 123? 347? 6280? 

3. What part of 3 is 2 ? 

Solution. 1 is ^ of 8, and 2 being 2 times as great as 1, is 2 times 
as great a part of 3 as 1 is. Hence 2 is 2 times \, or f of 3. 

4. What part of 7 is 6? 3? 6? 2? 4? Give the 
solution as above. 

6. What port of 13 is 3 ? 2? 10? 9? 12? 

139. We observe that all we have to do to ascertain 
whai part of one number another is, is to write the former 
as the denominator and the latter as the numerator of a 
fraction. 

Of course we should always put results, when fractions, in simple 
fractions, and these in their lowest terms. 

6. What part of 16 is 12 ? Ans.y f 

7. What part of 8 is 2| ? Ans.y ^ = f 

8. What part of 100 is 25? 10? 6? 16? 12 J? 
33^? 661? 62i?.37i? 6^? 16|? 

9. What part of 18 is 12? 6? 4? 2? 3? 6^? 6i? 

10. What part of f is | ? Ans., | = f 

What part of i is i? 
What part of ^ is ^ ? 
What part of* is i? 

11. How many times f is f ? Ans,y j = 24^. 

How many times | is f} ? 
How many times ^^ is ^ ? 

12. What part of a year (52 weeks) is 13 weeks ? 26 
weeks ? 24 weeks ? 12 weeks ? 14 weeks ? 6 weeks ? 

13. 320 rods make a mile. What part of a mile is 40 
rods? 80 rods? 120 rods? 60 rods? 
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. 14. There are 3 feet in a yard, and 12 inches in a foot 
What part of a yard \& 4J inches ? 9 inches ? 18 inches ? 
27 inches ? 

15. There are 320 rods in a mile, and 16^ feet in a rod. 
How many feet are there in a mile ? What part of a mile 
is 2640 feet? 1320? 660? 1980? 400? 1000? 



16. Which is the greater, f or fj ? 

Suggestion, f = iJ. 

17. Which is the greater, f or ^? t ^ f ? f or ^? 

18. Mr. Walter owned f of a piece of land, Mr. Smith f , 
and Mr. Jones the remainder. Which owned the most, 
and which the least ? How much did Mr. Jones own ? 

Answer. Mr. Smith owned the most, and Mr. Jones the 
least 

19. A sold to B 4 of his farm, and then bought back \ 
of what he sold. Which then had the larger part of the 
farm ? How much the larger part had he ? 

How do 70a compare two fractions in order to ascertain which is 
the greater? Write a rule. 

20. A bought f of I of a piece of land, and B bought | 
of the remainder. Which bought the more of it? How 
much the more ? How much remained ? 



21. K 12 is 4 of a number, what is 4^ of the number? 
What is ^, or the whole of the number? 

22. If 9 is J of a number, what is the whole of the 
number ? 

Solution.— Since J is J of }, if 9 is } of a number, J of that num- 
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ber is ^ of 9, or 3 : and if 3 is ^ of a number, |, or tlie whole o' it, is 
4 times 3, or 12. Hence 12 is the number of which 9 is f . 

23. If 15 is 4 of a number, what is that number ? 

24. Mr. Harris bought 27 acres of land of Mr. Whipple, 
which was ^ of Mr. Whipple's farm. How much had Mr. 
Whipple at first ? How much had he left ? 

25. A sold 56 sheep to B, which was | of his flock. 
How many sheep had A left ? How many had he at first ? 



26. I of 12 is f of what number ? 

Solution. } of 12 is 8. Now if 8 is f of a number, \ of the num- 
ber is J^ of 8, or 2. And if 2 is ^, {, or the whole number, is 5 times 
2, or 10. Hence } of 12 is f of 10. 

27. f of 21 is J of what number? 
^ of 15 is ^ of what number ? 
^ of 40 is f of what number ? 
I of 27 is \ of what number ? 
f of 27 is ^ff of what number ? 
I of 81 is ^^ of what number? 

28. A owned a farm of 260 acres, and sold i\ of it, 
which was just equal to -j*^ of B's farm. How many acres 
in B's farm ? 

29. \ of 20 is I of how many times 9 ? 

Suggestion. — ^As above, we find that f of 20 is f of 27, which is 3 
times 9. 

30. \ of 24 is I of how many times 10 ? 
f of 45 is ^ of how many times 3 ? 
4 of 35 is ^ of how many times 2 ? 
f of 81 is f of how many times 9 ? 

f of 15 is 4 of ho w^ many times 7 ? . 
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Suggeation. — Snch examples afford an excellent drill when ana- 
lyzed mentally as above, and should be so solved. Thej will also be 
found a neat written exercise in cancellation. Thus the last gives 

this form of operation :|xI{^X^X^=2. 

140. In order to use cancellation to abridge computa- 
tion, we first examine the problem and ascertain what 
numbers are to be multiplied together, and by what we are 
to divide. Then representing these operations by signs, 
proceed to cancel all factors which appear both as multi- 
pliers and divisors. 

Cancellation is serviceable only in cases in which there 
are multiplications and divisions to be performed. When 
the processes are chiefly addition and subtraction, it is of 
no use. 

31. K 5 yards of silk cost 17, how much will 15 yards 
cost? 

Suggestion. — In solving this we first find what 1 yard costs, by 
dividing the cost of the given qttantity by that qtiantity. Then we 
multiply the cost of 1 (yard) by the number representing the re- 
quired quantity (15 yards). The operations then are : 

Cost of quantity, 7 .^ . , ^.^ 
rL..^J*,'Z. h^ ^"' required quantity. 



8 

Hence 1 X 10 = 21, the required quantity. 

Ok 

32. If f of a yard of silk cost $6, what will 2^ yards cost ? 
Suggestions. — We have 

6 4- f X 2i, or X I X I = 20. 

33. If I of an acre of ground cost $246, what will 3| 
acres cost? Ans., $100S. 

34. K 2| yards of cloth cost |3|, what will 5| yards cost ? 

Ans.y $7. 
2 times ^^ gives the answer. Why is it ? 
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35. If 4 of an orange cost 2^ cents, what will { of an 
orange cost ? 

36. K 5 oranges cost 35 cents, what do 8 oranges cost? 

Snggestioiu — It should be seen clearly that the analysis is the 
same in both these last two examples. In each case we divide the 
cost of a number of articles by the number, to get the cost of 1 ; and 
then multiply the cost of 1 by the number of required articles. 
Thus we have 

For Ex. 35, 2jH-t ^f; 

and for 86, 85 + 5x8. 

This is the practical view of these examples ; but let not the 
f uUer analysis of such examples as 85 be neglected. 

37. If f of 6 yards of cloth cost |34, what will | of 7 
yards cost? 

Practical Operation. 8f -i- 1 of 6 x f of 7, or 

8 
M V T^ V 8X1 _ £« — ft 1 

38. If f of a yard of cloth cost $|, what will | of a yard 
cost? 

FuU Analysis.— If 2-thirds of a yard cost f of a dollar, 1-third 
costs I of f, or } of a doUar; and if 1-third costs } of a doUar, 
8-thirds cost 8 times f , or f of a dollar. Again, if 1 yard costs f of 
a dollar, 1-fifth costs i of f , or ^^ of a dollar, and 2-fifths cost 2 
times ^, or ^ of a dollar. 

39. If I of twice my age is 30 years, what is my age? 
If ^ of 4 times it is 22^, what is my age ? If f of |^ of it 
is 8, what is my age ? If 3 times f of it is 30, what is 
my age ? 

40. If ^ of f of the distance to a certain place is 48 
miles, what is the distance ? If | of | is 10 miles, what is 
the distance ? If ^ of 2f times the distance is ^ of a mile, 
what is the distance ? 
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41. If f of a barrel of flour cost %\^y what will 5-| baiTels 
cost? An8.y $28.33^. 

42. If f of 6 yards of cloth cost |2f, how much will | 
of 7 yards cost? Ana.y $5^, or $6.95. 

43. If \ of I2j[^ is the cost of a yard of cloth, what is the 
cost of ^ of a yard of the same ? Of 5 yards ? 

44. If I of I of a barrel of flour cost 13^, what will J of 
4 of 21 barrels cost ? 



45. A vest costs $6f, a hat %b^y and a pair of boots I8f ; 
what is the cost of all ? 

46. Bought flour at $7| per barrel, and sold it at $8 ; 
how much did I make on 50 barrels P Had I sold it at 
$7i per barrel, how much would I have made ? 

47. Bought 5 loads of potatoes, containing respectively 
33^, 27|, 40i, 35^, and 29^ bushels, and sold 12f bushels 
to each of 3 men, and 25^ to each of 4 men. How many 
potatoes had I left ? 

48. Having on hand 19^ tons of iron, if I sell 10 J tons 
at $45 per ton, and the remainder at $43, what will I 
receive for it ? Ans.y $871.90. 

49. Mr. Jones owns | of a tract of land, and Mr. Smith 
buys f of Mr. Jones's share, how much has Mr. Jones left? 
How much does Mr. Smith buy if the tract is 160 acres? 

Answer to lasty 64 acres. 

50. What is a third and a half a third of 10 ? Of 12 ? 
Of5? Of7? Of8? Of9? 

51. What part of a number is \ and ^ of | of it ? f and 
i of I of it? 1^ and i of i of it? 

52. What is two-fifths and one-half of two-fifths of 5 ? 
Of 12? Of 7? Of 20? Of 6? Of 35? 
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63. Whatis^andf of^ofS? OflO? Of 12? Ofll? 

54. Sold 5f yards of cloth at |3|^ per yard, and received 
in payment 32^ pounds of butter at 15| cents per pound, 
f of a ton of hay at $15 per ton. What is the balance ? 
and is it in my favor, or against me ? 

55. How much cheese, at 16f centiS per pound, can be 
bought for J a dollar ? 

56. How many raisins can be bought for $1, at 17^ 
cents per pound ? 

57. Bought a box of soap containing 70 pounds. Keep- 
ing it all summer it dried away ^, when I sold it at 8| 
cents per pound. I gave 7 cents per pound. Did I make 
or lose ? How much ? 

58. Bought 10 cords of wood for $5^ per cord. Paid 
If per cord for sawing, $f for splitting, and %^ per cord for 
wheeling it into the shed and piling it. How much did 
the wood cost me in all ? Ans,^ 170. 

59. Owning 100 acres of land, I sold 27J acres to one 
man and ^ the remainder to another. How much had I 
left? 

60. A man cuts 35| cords of wood in 2^ weeks, workiug 
time. What is the average of each day's work ? How 
much does he earn per day, at 50 cents per cord for cut- 
ting? 

61. If ^ yards of cloth cost I4|, and 20 bushels of 
wheat bring I26f, and a farmer brings in a load of 361^ 
bushels of wheat and buys 40 yards of cloth, what is the 
balance, and to whom due ? 

Ans., There is a balance against the farmer of $1.33^. 

62. A room is 5 yards wide and 5^ yards long. How 
much will it cost to carpet it with yard wide carpeting, at 
$1.10 per yard ? 
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63. From Chicago to Detroit, by way of the Michigan 
Central Bailroad, is 284 miles. K an express train leaves 
Chicago at 9 o'clock in the morning, and arrives at Detroit 
at 6 o'clock and 45 minutes (6|- hours after noon), making 
2 stops of 20 minutes each, and 12 stops of 5 minutes each 
on the way, what is the average rate per hour run by the 
train ? Ans.y Nearly 354- miles. 

Suggestion. 100 minutes are If hours, since 40 minutes are |J, 
or f of an hour. 

64. A man engages to do a certain piece of work in 100 
days. What part ought he to do in 10 days? In 25 
days? In 12^ days? In 16| days? In 33^ days ? In 
62^ days ? In 6i days ? In 11 days ? 

65. If 20 men require 7J barrels of flour for their sub- 
sistence 5 months, how much will 30 men require for a 
year? 17 men for 6 months ? A barrel of flour is 196 
pounds. At the above rate what is a man's daily allow- 
ance? Ans.y .49, or about ^ a pound. 

66. How long could 50 men subsist on a stock of pro- 
visions which would last 7 men 80 days? 10 men 100 
days ? 13 men 200 days ? 6 men 8 days ? 11 men 176 
days? 

67. A man bought 189 acres of land at $10 per acre, 
and 250^ acres at $13 per acre. He sold | of the former 
tract for $18^ per acre, and | of the latter at $19 per acre. 
What would he make on the whole by selling the remain- 
der at $20 per acre ? Ans., $3352.65. 

68. Bought at one time 320 acres of land at $25^ an 
acre, and at another 275 acres at $31|^ an acre. Sold f of 
the whole at $20, and the remainder at $30 per acre. Did 
I gain or lose ? How much ? 
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69. A boy, on being asked the time of day, said : " One- 
half the time pa@t noon is ^ of the time from now till mid- 
night'* What was the time ? 

Solution. — ^If I the time past noon was \ the time to midnight, 
the whole time past noon was 2 times as great a part of the time to 
midnight, or 2 x } = |. Then if the time past noon was ^ the 
time to midnight, the whole 12 hours would be divided into 3 equal 
parts, one part being the time from noon to the hour required, and 
2 parts the time from this hour to midnight. Hence \ of 12, or 4 
hours was the time past noon. It was, therefore, 4 o'clock in the 
afternoon. 

70. A man on a jonmey of 120 miles had traveled a 
distance equal to •) of the remaining distance. How far 
had he traveled ? When he had gone a distance equal to 
f of the remaining, how far had he gone ? How far when 
he had gone a distance equal to | of the remaining dis- 
tance? 

71. If I of the distance from 
A to B is J of the distance 

from B to C, and the distance f— • — ^ — i — ^ — i^^ — i — . — i — r— 4 

' A B O 

from A to C is 55, what is the 
distance from A to B ? From 
BtoC? 

72. Two-thirds of the time from now to midnight is f 
of the time from noon past to now. What o'clock is it ? 

73. Twice the time from now to midnight is the time 
past noon (i. 6., is the hour of the day). What time is it ? 



74. A hound in chasing a fox runs 7 rods while the fox 
runs 5. How many rods does the hound gain on the fox 
in running 7 rods ? In running 14 rods ? In running 21 
rods? 



160 COMMON FRACTIONS, 

How many rods does the hound gain while the fox runs 
5 rods? 10 rods ? 15 rods? 

If at the start the fox is 60 rods before the hound, how 
far will the hound run to catch the fox ? How far will 
the fox run ? 

75. A fox is 40 rods before a hound, and runs 3 rods to 
the hound 6. How many rods must the hound run to 
overtake the fox ? How far will the fox run ? 

76. A regular train starts from New York at 1 o'clock 
in the afternoon, and runs at the rate of 32 miles an hour. 
At 3 o'clock a special train is started in pursuit, and is 
run at 40 miles per hour. At what hour will the special 
overtake the regular train ? How far from New York ? 



77. If 4 men perform a certain piece of work in 3 days, 
how many men will it take to do 5 times as much work in 
10 days ? 

Suggestion. — As the inqniry is about men, we must operate upon 
the given number of men, that is, upon the 4.* If 4 men can do 
the work in 3 days, it will take 3 times 4 men, or 12 men to do it 
in 1 day, and to do 5 times as much work will require 5 times 12 
men, or 60 men. Now if 60 men can do the required amount of 
work in 1 day, it will require only ^ as many men, or 6 men to do 
it in 10 days. 

78. If 4 horses eat 16 bushels of grain in 8 days, how 
many bushels will 3 horses eat in 12 days ? 

Ans.y 18 bushels. 

79. If it require 7 men to cut a certain piece of grain in 



* Thie point needs to be seen clearly. No division, mnltlplication, or other 
aritbTnetical operation can change the character of the number operated npon. 
Thus 2 times 4 men are 8 men^ 8 times 6 days are 18 days^ etc 



APPLICATIONS. 161 

5 days, how many days will it take 13 men to cut 3 times 
as large a piece ? Am,y ^^ days. 

80. K 4 men can build 80 rods of fence in 6 days, how 
many rods can 10 men build in 5 days ? In 2f days ? 

Suggestion. — Indicdte the multiplications and divisions required, 
giving the reasons for them as above, and then cancel. Thus 1 man 

wiU build ^ rods in 6 days, and ^^ in one day. Then 10 men 

s so 
will build 15JLM rods in one day, and ^^ ; ^^^ ^ = L^ = 166* 

3 

in five days. 

There are other methods of analyzing such examples. Thus 4 
men in 6 days do 24 days work, and 10 men in 5 days do 50 days 
work. Then 10 men in 5 days will do ff times as much work as 4 
men in 6 days, fj of 80 = leCf. 

81. If 5 pipes fill a cistern containing 120 barrels in 10 
hours, how many pipes of the same size will it take to fill 
a cistern containing 200 barrels in 8 hours? 

82. If 3 men can plow 15^ acres in 4 days, how much 
can 5 men plow in 7| days ? Ans., 47^ acres. 



83. Two persons, 130 miles apart, start to travel toward 
each other, one at the rate of 25 miles a day, and the 
other at the rate of 32 miles. How long before they will 
meet ? Ans., -ij^, or 2^ days. 

84. Two persons start ifrom places 7| miles apart and 
travel the same way, one at the rate of 3f miles per hour, 
and the other at the rate of 4J. How far apart will they 
be in 6 hours ? Am., 11^, or 3| miles. 

85. Two persons on the same east and west line and 15 
miles apart, start to travel towards each other. If they 
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continue these directions, one at the rate of 2f miles per 
hour, and the other at the rate of 3f miles per hour^ how 
far will they be apart at the end of 6 hours ? 

Ans.f 22| miles. 

86. D bought of E 35J bushels of clover seed, for $142, 
and afterwards sold to F J of his purchase, at a profit of 
$li per bushel. What did the part sold to F amount to ? 

Ans.y $46^. 

87. At the rate of $61| for 11 J cords of wood, what will 
be the cost of 6 loads of | of a cord each, 4 loads of j- of a 
cord each, and 8 loads of f of a cord each ? 

Ans.j $74.71 nearly. 

88. A purchased of B 40 yards of cloth for $260. He 
then sold to C | of his purchase at a profit of $| per yard, 
and the remainder to D at a loss of $i per yard. What 
did A gain or lose by these several transactions? 

Ans.y Gained $7. 

89. What is the value of ^ of -^ of a vessel, if a person 
who owns ^ of it sells ^ of | of his share for $1750 ? 

90. There are 60 seconds in a minute, and 60 minutes 
in an hour. At what rate per hour is a railroad train 
running which goes J of a mile in 18 seconds ? 

91. Two land speculators went West to buy land. One 
bought fj of a section (640 acres), and the other f|. 
Which bought the most land ? How much ? 

92. If f of a pound of silver dollars is worth $10f , what 
is the weight of $1 in ounces, 12 ounces making a pound ? 

93. 16^ feet make a rod. What is the length and what 
the width in feet of a village lot 4 rods front and 8 rods 
deep? 
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94. K 36 pounds of sugar are worth 24 pounds of coffee^ 
and 22 pounds of coffee are worth 55 pounds of rice ; 
how many pounds of rice can be bought for 16 pounds of 
sugar? 

SolutioiL 1 pound of coffee is worth ff of a pound of rice, and 

24 pounds are worth 34 times ||, or ^^ oJ^^ pounds of rice. But 

this is the worth of 36 pounds of sugar. Hence 1 pound of sugar is 

worth ^* ^ \\ pounds of rice, and 16 pounds are worth g*j<gg»^^« 

pounds of rice. Cancelling and reducing, we have 26} pounds of 
rice. 

95. If 40 bushels of potatoes are worth 45 bushels of 
com, and 18 bushels of corn are worth 14 hundred weight 
of hay, and 35 hundred weight of hay are worth 4 barrels 
of flour; how many barrels of flour are 75 bushels of pota- 
toes worth ? 

Suggestiona. — As the answer is to be in barrels of flour, we 
operate on the 4 barrels. 

1 hundred weight of hay is worth -^ barrels of flour. 

14 hundred weight of hay are worth * ^^* barrels of flour. 

1 bushel of com is worth - \^ ^\ barrels of flour. 

S V ^ 1 o 

45 bushels of com are worth * ^}t ^^^ barrels of flour. 

9 0X10 

1 bushel of potatoes is worth 3*5 x is x 4 o ^"^^ ®' ^o\a. 

75 bushels of potatoes are worth * a^'g ^ iVx 1 0^ ^ barrels of flour. 
Cancelling and reducing, we have the answer. 

96. K 8 bushels of wheat are worth as much as 3 cords 
of wood, 9 cords of wood as much as 3 tons of hay ; how 
many bushels of wheat should be given for 5 tons of hay ? 



97. How is the value of a proper fraction affected by 
adding the same number to both its terms ? Try it by 
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adding 3 to both terms of \. By adding 1 to both terms 
of f. Try other cases. 

98. How is an improper fraction whose value is greater 
than 1 affected by adding the same number to both its 
terms ? Try it by adding 2 to both terms of j ; oi^^oi^. 
By adding 1 to both terms of | ; of J^. By adding 20 to 
both terms of f ; of |. 



99. Of two unequal numbers, show that the greater is 
equal to the less + the diflference between the numbers. 

Also that the sum of the two is equal to twice the less 
+ the diflference. 

Also that if you add the diflference to the sum^ you have 
twice the greater. 

Also that if you subtract the diflference from the sum, 
you have twice the less. 

Saggestion. — The greater is made lip of the less and the differ- 
ence. Hence the sum of the greater and the less is twice the less + 
the difference, and if we take away the difference we shall have 
twice the less. 

100. The sum of two numbers is 198, and their diflfer- 
ence 52. What are the numbers? Sum 295 and diflfer- 
ence 117. What are the numbers ? 

Principle. 

141. If to the sum of two numbers the difference be 
added, it gives ttoice the greater; but if from their sum 
their difference be subtracted, it gives twice the less 
number. 
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Illustration. 



Gbeateb. 



1 . g I 8 . 4 



H^ 



I S , 6 , 7 I 



Less. 

1^.2.8.4. g ^ 



I • • ^ 



I i_ 



SUH 
■^ 1 ^ 



Greater. 



I 



DiFP. 

J 1 — I 1 1 



Greater. 



I 



■ e o %0 o 



Less. 

Sum. 
I 1 — I — I — I — I — 



Greater. 



I I 



H 



Sum — DiFF. 

I — I — I 1 I I I I I I I 

Less. Less. 



101. If the sum of two numbers is 70 and the difference 
16, what are the numbers? Sum 222, difference 114? 
Sum 386, difference 214 ? Illustrate as above. 

102. James and John together have 86 cents, and John 
has 15 more than James. How many have each ? 

103. Two men, A and B, agree to work for for $1 J 
per day's work. Together they work 38 days, and A 
works 5 days more than B. How much must each 
receive ? 
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SECTION L 

DEFIJflTIOJfS, AJ^D READIJfG AJ^B 
WEITIJ^a DECIMAL FBACTIOJfS. 

1. K we divide any thing into 10 equal parts, what is 
one of the parts called? What are two of the parts 
called ? 3 of them ? 4 of them ? 5 of them ? 

2. If we divide any thing first into 10 equal parts (as 
the counter in the picture), and then divide each one of 
these parts into 10 equal parts, into how many equal parts 
will the whole be divided ? What then is one such part 
called? What2? 3? 7? 8? 12? 35? 82? 
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3. If we divide each of the 100 hundredths into which 
any thing may be divided into 10 equal parts, into how 
many equal parts will the whole be divided ? What is one 
of these parts called ? 

4. How many tenths in a unit ? How many hundredths 
in a tenth ? How many thousandths in a hundredth ? 

142. Dividing any whole, or a unit, first into 10 equal 
parts (tenths), and these again into 10 equal parts (hun- 
dredths), and these again into 10 equal parts (thou- 
sandths), etc., is called the Decimal Division, 

143. We have learned in Common Fractions that one- 
tenth may be represented thus -j^; 2-tenths, thus ^; 
3-tenths, thus -^, etc. So also that 1-hundredth niay be 
written ^^\ 2-hundredths, yJttj ^-hundredths, yj^; 4- 
thousandths, xtfW* ®^ ^^^ there is another way to 
represent such fractions as these, that is, those which 
arise from the Decimal Division, It is this : tenths are 
represented by putting a dot, called a Decimal Point, 
at the left of the figure telling how many tenths; thus .1 
is one-tenth ; .2 is 2-tenths ; .3 is 3-tenth8, etc. So also 
.01 is one-hundredth; .02 is 2-hundredths; .03 is 3-hun- 
dredths, etc. 

144. Fractions which arise from the Decimal Division 
(143), and are represented by means of the Decimal Pointy 
and without the denominator expressed, are called Deci- 
mal Fractions. 

For brevity Decimal Fractions are often called simplj Decimals, 
although strictly speaking, all numbers, whole or fractional, ex- 
pressed in the Decimal, or common notation, are Decimals. 

145.. Counting to the right from the Decimal Point, 
the first place is Tenths place, the second Hundredths, 
the third Thousandths, the fourth Ten-thousandths, etc. 
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Thus the orders of decimal fractions succeed each other as 
we go from units order towards the right, just as the orders 
of whole numbers do as we go to the left, according to the 
following 

DECIMAL NUMERATION TABLE. 



o S n 

si ^2 3- 



llillilllllll 

338883333388 . 



Orders of Whole Numbers. Orders of Decimal Fractions. 

6. Bead the following, and tell what they mean; .2; 
5; .04; .07; .006; .001; .0008; 00007; .000003. 



Reading Decimals. 

1. In .23 how many tenths, and how many hundredtlis 9 

2 tenths are how many hundredths f Then 2 tenths and 

3 hundredths, are how many hundredths? 

How then is .23 read? Ans.^ 23-hundredth8. 

2. In .536 how many tenths ; how many hundredths, 
and how many thousandths ? 5 tenths and 3 hundredths 
make how many hundredths? 53 hundredths with 6 
thousandths make how many thousandths ? 

How then is .536 read? 

To Read any Decimal Fraction. 

146. Kule. — /. Numerate t?ie fraction J that is, begin 
at the decimal point and nams the orders to the right. 
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and hear in mind the name of the lowesty or right hand 
order, 

IL Read the expression just as a whole number, and 
then pronounce the name of the lowest or right hand order. 

We numerate to find what the denominator of the fraction is, 
since, as in whole numbers, the whole may be read as so many of 
the lowest denomination (21). 

We then read the number as written, since it tells how many 
parts are represented, that is, it is the numerator ; and haying read 
it pronounce the name of the lowest order, since this tells the de- 
nomination or kind of parts, that is,, it is the denominator. 

This method of reading is just the same in principle as the 
method of reading a common fraction. 

3. Eead .23478. Of what order is the 8 ? What then 
is the denominator of the fraction ? What is the numer- 
ator? How would you read iWoVo ? 

4. Bead .00234. What is the denominator? What the 
numerator? What is the difference between .00234 and 

1 ^ 

Bead each of the following, also writing each in the 
form of a common fraction : 



6. .304; 

6. .0027; 

7. .00801; 

8. .0101; 



9. .56; 

10. .506; 

11. .3004; 

12. .0501; 



13. .01; 

14. .001; 

15. .782564; 

16. .586423; 



17. .58437; 

18. .00236; 

19. .00023; 

20. .90801. 



We read .00801, 801 hundred-thousandths. As a common frac- 
tion it is written loWoo * 

N. B. — ^Pupils write a rule for representing a fraction which is 
expressed decimally, as a common fraction. 

21. B^ad 23.5. 

This is the same as 2B^ and is read in the same way, that is " 23^ 
and 5-tentlis/' 

8 
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22. Bead 7248.347. 

In reading whole numbers and decimals as mixed numbers, it 
may promote clearness to omit and in each case except before the 
fraction. True it is a little harsh; but perhaps the perspicuitj 
compensates for this. In this way 7248.347 will be read " 7 thousand 
2 hundred forty-eight, and 8 hundred forty-seven thousandths.'' 

Bead the following: 



23. 48.21 ; 

24. 107.056 ; 

25. 5006.00205 ; 

26. 5400.0064 ; 

27. 1000.0001 ; 

28. 7281.5436 ; 

29. 54037.02501 



30. 437.543621 

31. 1002.000508 

32. 7080.070936 

33. 5006.000807 

34. 52111.111111 

35. 5333.333333 

36. 6420.022022 



37. 152.342; 

38. 793.546; 

39. 100.001; 

40. 888.999; 

41. .4343 ; 

42. 3.1416; 

43. 2.71828. 



Principle. 

147. Annexing (fs to a decimal does not alter its valtie, 
since according to our method of reading, we annex an equal 
nurnber to the denomifiatoTy and hence multiply both terms 
of the fraction by the same number, 

1. Explain the following: 
.5 = .50 = .500 = .5000 = .50000. 
.25 = .250 = .2500 = .2500000. 
.012 = .0120 = .012000 = .01200000. 

To Write Decimals. 

148. Rule. — Write the numerator as a tvhole number. 
Then beginning at the right, apply the decimal numera- 
tion, calling the right-hand figure tenths, the next at the 
left hundredths, etc., filling all vacant orders with 0% till 
the name of the order designated by the denominator is 
reached; at the left of this write the decimal point. 
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1. Write six hundred twenty-five hundred-thousandths. 

Process. — The numerator is 625. Now beginning at the 5 caU it 
tenths, the 2, hundredths, the 6> thousandths, and prefixing aO call it 
ten-thousandths, and then another and call it hundred-thousandths. 
At the left of this last place the decimal point, thus, .00625. 

Reasons for the Rule. — ^The numerator being a whole number 
is so written. The reason for beginning at the right to apply the 
decimal numeration is simply to get the right number of places 
after the decimal point. True the orders are thus falsely named, 
but the expedient is convenient, and if this trial numeration from 
right to left gives the right number of orders, the true numeration 
from left to right cannot fail to be right. 

2. Write fifteen hundredths. Nineteen thousandths. 
Six ten-thousandths. Twenty-four thousandths. Five 
h undred thousandths. Thirty-nine million ths. ne hun- 
dred thousandths. Forty-nine hundredths. Ten ten- 
millionths. Fifty -two thousandths. Eight hundred- 
thousandths. Eight hundred thousandths. Seventy-one 
hundredths. Ninety-one millionths. Seventeen ten- 
thousandths. Two thousand eight hundred forty-five 
ten-thousandths. Three hundred sixteen thousandths. 

3. Write sixty-nine, and nine hundred three thou- 
sandths. 

8ugge8tion.-«->It will be well for beginners to write the whole 
number first, and then, if the decimal is not readily written, write 
it in anotJier place, according to the rule given above, and then an- 
nex it to the whole number. 

4. Write seven hundred three thousand, and two hun- 
dred seven ten-thousandths. 

Suggestion.— The whole number is 703000. The decimal, written 
according to the rule, is .0207. Written together they are 708000.0207 

Write the following : 
6. Five, and two hundred sixty-three millionths. 
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6. Nine hundred eighty, and four thousandths. 

7. Two, and eighty-five biUionths. 

8. Two hundred, and seventy-four ten-thousandths. 

9. Eight thousand two hundred, and thirty-two thou- 
sandths. 

10. Four hundred fifby-two hundred-thousandths. 

11. Sixty-five, and five hundred twenty-one thousandths. 

12. Eighty-two, and sixty-five biUionths. 

13. 7 hundred 63 thousand twenty, and one hundred 
eight millionths. 

14. Seven thousand five hundred 29 millionths. 

15. Four hundred seventy-five hundred-thousandths. 

16. Forty-five, and three hundred and seventy-five ten- 
thousandths. 

17. Three billion seven hundred fifty-five million 2 
hundred 26 thousand, and 6 hundredforty-three millionths. 

18. Three, and one thousand four hundred sixteen ten- 
thousandths. 

19. Nine hundred 27 million 3 hundred 64 thousand 5 
hundred, and 2 thousand 5 hundred 68 ten-millionths. 

20. Write the following as decimals: 405-3^; 300^*^; 
l iUo ^ ^'^io88Soo 5 1002iftJJJj4<j ; 7io8oo> ^loXoo' 



SECTION n. 

REDUCTIOJ^S. 
To Reduce Common Fractions to Decimals. 

1. How many times as many tenths are there in any 
number as there are units ? How many times as many 
hundredths as units ? How many times as many thou- 
sandths as units. 
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2. How manj tenths in 2? In 7 ? In 23? In 407? 
How many hundredths in each of the above numbers ? 

How many thousandths ? How many millionths ? 

3. How do you find how many tenths there are in any 
number of units ? How many thousandths ? How many 
ten-thousandths ? How many millionths ? 

4. How many tenths in | ? 

Solution. — Since f is f of a unit, and there are 10 times as manj 
tenths in any number as there are units, there are 10 times f , or ^f- 
terUhs in f. ^ = 6 ; hence there are 6 tenths in f , or f = .6. 

5. As above reduce J; f ; \\ |; and f to tenths, 
explaining the operation. 

6. How many hundredths are J ? 

Solution. — Since | is | of a unit, and there are 100 times as manj 
lOOths as units in any number, there are 100 times \, or ^^ hun- 
dredths in f . AJA = 75 ; hence there are 75 lOOths in f , or f = .75. 

7. Eeduce i; /y; ^; ijV; and -f^ to hundredths. 

8. Reduce the following to thousandths: i; |; f ; f ; 
^; -f^'y and explain as above. 

To Reduce a Common Fraction to a Decimal. 
149. Rule* — Annex O's to the numeratovy and divide 
the result by the denominatoTy continuing to annex O^s till 
the division is exact, or until as many decimal places are 
obtained as desired. Point off as m^ny places of decim^als 
in the quotient as there have been O^s annexed, prefixing O's 
to the significant figures, if necessary. 

Demonstration. — One annexed multiplies a number bj 10 ; two 
by 100 ; three by 1000, etc. (60 ). Hence the number of O's an- 
nexed indicates the denomination of the decimal, or the number of 
places there are to be in the decimal, according to the decimal 
notation.* Dividing by the denominator is reducing the fraction to 
a whole number (of tenths, hundredths, thousandths, etc.). 

* Kotatiop moanQ '* method of writing." 
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9. Eeduce ^^ to a decimal. 



Operation. 



16 ) 100 ( .0626 
96 

40 
82 

80 
80 



Explanation. — In this case we have virtnallj 
annexed 4 O's, or multiplied ^ by 10000, which 
reduces it to lOOOOths. Thus ^ = ^^ ten- 
thousandths, or 625 ten-thousandths. This in 
the decimal notation is written .0625. 

Another Explanation. — We can explain the 
process as we go along with our work of divid- 
ing, thus : 16 is not contained in 1, but one is 10 tenths. Again, 16 
is not contained in 10 so that there are no tenths in the quotient. 
Hence we write in tenths place. Now 10 tenths make 100 hun- 
dredths, and as 16 is contained in 100 6 times, we have 6 hun. 
dredths in the quotient, with 4 hundredths remaining, etc This is 
the explanation given in Division (80). 

This process may also be explained as multiplying and dividing 
the given fraction by the same number. Thus f multiplied by 10 
is J^ = 6. This divided by 10 is .6 (91). 

Eednce the following common fractions to decimals^ car- 
rying the decimal to milUonths if the division is not exact : 



0. ^ == .9376. 

1. A = .24. 

2. ^ = .45. 

3. ^ = 2.625. 

4. 4 = 5.25. 

5. 161^ = 16.6. 

6. 103|= 103.376. 

7. i =.33333-1-.* 

8. H =.923076 + . 



19. 13^3^^. 

20. 40^. 

21. f 

22. 13f 

23. H. 

24. 12|. 

25. If 

26. 3f 



28. 128^. 

29. 133^. 

30. f 

31. f 

32. iVj-A:>-Af 

33. m- 

35. ^. 

36. ifft. 



27. 10^. 

When we are annexing O's in order to extend a decimal, if at any 
time we have a remainder which is the same as we have had before, 
the same figures will recur in the quotient. Such a decimal is 
called a Repeating or Circulating Decimal, or simply a Bepetend. 

* The + sign when thus used signifleB that the division does not terminate. 
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A repetend is indicated by writing a dot over the first and last 

rei)eating figures ; thus .34576 means .34576576576, etc. ; 57 means 

.575757, etc. 

Principle. 

150. When reducing a common fraction to a decimal^ 
if the decimal does not terminate, the farther we extend it 
the nearer we approach to the value of the common frac- 
tion. 

Thus it is easy to see that ^ = .8 nearly, but .88 more nearly, 
and .833 still more nearly, etc. When we wish to use only a few 
places of the decimal, if the first figure of the part we would drop is 
5 or more, it is more accurate to increase the last figure we use by 
1 ; thus instead of using .27 for .276, it is more accurate to use .28 ; 
so instead of 3.1415 for 8.14159 + , 3.1416 is more accurate. 



151. In United States Currency, since a dime is a 
tenth of a dollar, a cent a tenth of a dime, and a mill a 
tenth of a cent, these are respectively tenths, hundredths, 
and thousandths of a dollar, and are so written as we have 
already seen (page 79). So also we have learned that it is 
customary to write and read dimes, or tenths of dollars, 
with cents; thus we read $4.75 not "4 dollars, 7 dimes, 
and 5 cents, but "4 dollars, and 76 cents." 

Thus we are enabled to treat fractions of a dollar, or 
cents and mills, as other decimals. 

Examples. — Represent the following firactions in deci- 
mals, that is, in cents and mills 



To Reduce Decimals to Common Fractions. 
1 52. "Rxae.— Suppress the decim/il point, and under^ 
neath the numerator of the fraction as thus otiained write 
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the denominator^ which is 1, tvith as many O's annexed as 
there were places in the decimal. Reduce the fraction 
thus obtained to its lowest terms. 

This is simply writing what the fraction means, and is a direct 
consequence of the method of writing decimals. In fact we have 
already performed the operation (14:C>), and only mention it here to 
refresh the memory and give a little more practical exercise. 

Express the following decimals as common fractions : 



1. .5. 


7. 23.625 


13. 1.06. 


19. 3.75. 


Alt •uu» 


8. 10.3 

• 


14 1.10. 


20. 3.075. 


3. .125. 


9. 2.4 


15. 1.07. 


21. 15.6. 


4. .375. 


10. .0025 


16. 1.08. 


22. 15,60. 


5. .25. 


11. .0005 


17. 1.125. 


23. 15.600. 


6. .75. 


12. 1.04 


18. .225 


24. 1.12^. 



SECTION m. 

ADDITIOJf AJ^D SUBTBACTIOJf. 

153. The rules for Addition and Subtraction of Deci- 
mal Fractions are exactly the same as for whole number^ 
and need not be repeated. 

1. Add 715.25, 3051.039, 4.8, and 25.3156. 

Solution. — ^Writing the numbers so that like orders shall fall in 
the same column, we add exactly as in whole numbers. Thus in 
the ten-thousandths column there are only 6, so we 
write it in the sum. In the thousandths column 
there are 5 and 9 which make 14 thousandths, which 
are 1 hundredth and 4 thousandths, since 10 thou- 
sandths make 1 hundredth. In like manner we 
proceed through the other orders. 



715.26 
3051.089 
4.8 
25.8156 

8796.4046 
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Perform the following additions : 

2. 3. 4. 5. 

715.206 605.271 742 % 86.45 

34.73 342.156 85.6 $243,045 

1280.008 83.805 207.006 $580.50* 

7.5643 1.27 84 $ 73.00* 

187.4 483.5 556.38 $100.40 

Accountants are required to add long columns of figures 
with rapidity and accuracy. The following are specimens. 
Let them be added with care. 



6. 


7. 


8. 


% cts. ' 


$ Ct8. 


$ cts. 


8.37 


.78 


673.28 


4.33 


.47 


597.84 


7.62 


.63 


3426.87 


.48 


2.75 


219.48 


.97 


1.20 


8.37 


2.50 


4.37 


167.84 


6,19 


8.29 


5986.32 


10.00 


13.85 


6749.31 


4.28 


2.00 


4863.27 


8.07 


.62 


7542.35 


4.37 


.25 


2986.28 


9.48 


1.37 


379.87 


4.21 


9.83 


2.59 


13.26 


6.75 


69.80 


1.20 


8.43 


4060.75 


.57 


20.48 


309.71 


3.08 


6.00 


12487 


4.96 


1.00 


8520.06 


.85 


1.50 


2493.28 


4.00 


7.69 


48.75 



* In writing United States Currency, especially for addition and subtraction, it 
is customary to fill vacant places of cents orders with O'b. ^ 
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9. From 782.19 take 325.536. 
Solution. — ^Writing so that the various orders of 
the subtrahend shall fall under like orders in the qS? io/i 

u«O.OtHi 

minuend, we subtract as in whole numbers. Thus, "^RfiKA. 
as there are no thousandths in the minuend from 
which to take the 6 thousandths of the subtrahend, we take one of 
the 9 hundredths, which makes 10 thousandths, and subtract the 6 
thousandths, obtaining 4 thousandths for the remainder. 8 hun- 
dredths from 8 hundredths leaves 5 hundredths. As 5 tenths can- 
not be taken from 1 tenth, we take a unit from the 2, which makes 
10 tenths. This with the 1 tenth of the minuend makes 11 tenths, 
from which taking the 5 tenths there remain 6 tenths. Thus we 
proceed through all the orders as in whole numbers. 





JSxamples for 


• l^actice. 




1. 

408.207 
57.0583 


3. 

123.56 
% 7.50 


3. 

$100.00 
$ 47.23 


4. 
1000 
325.008 


351.1487 


$16.06 


$ 52.77 


674.992 


5. 

1765.004 
843.02 


6. 
700.584 
23. 


7. 

48 
.546 


8. 
1 
•003 



921.984 

9. From 8.1 take 3.547. 
10. From 123 take 78.256. 
n. From 3.46 + 10 take 5.7. 

12. From .46 take .0037. 

13. From 71.86 + 4.313 take 18.5 + 20.007. 

14. From 10 take one tenth. 

15. From 1 take one thousandth. 

16. From SI subtract 15 cents. 

17. From $5.68 take $1.17. 

18. Add 7.52, 10.478, 600.5, .87 and 23. Sum, 642.368. 



ADDITION AND SUBTRACTION. 179 

19. From the sum of $347.63 and 120.59 take the sum 
ofWOO and $67.13. 

20. From the sum of 8.7, .32, 6.08, 25, and 2.45 take 
the sum of .75, 1.25, 13, and 3.5. 



Applications. 

1. A man earned $5.27 one week, $6.52 another, and 
$7.15 another. Out of this he bought a pair of boots for 
$4.75, and a hat for $3.38. How much remained ? 

Ans.^ $10.81. 

2. A fence builder laid up 20.5 rods one day, 17.02 rods 
the next, 31.25 rods the next, and 27 rods the next. A 
wind blew down 52.37 rods, and so displaced 10.5 rods 
more as to make it necessary to lay it over. How much 
remained of his work ? 

3. My grocery bill for the several days of a week was 
$3.73, $1.10, $4, $2.05, $1.88, and $3. On this I paid 
during the week, at one time $2, and at another $3.50. 
How much did I still owe ? 

4. Write the following in the decimal form and then 
add them : 6}, 12^, 5|, 6|, |, |. Sum, 32.1. 

5. From the sum of \, .25, 10, f , and 13J, subtract the 
sum of IJ, ^, 8, and 2.56. 

6. A steamer sailed in 6 successive days 305.24, 206.5, 
182.402, 343.25, 287.13, and 313.008; and a sail vessel 
starting from the same port sailed after her, making 105 
miles the 1st day, 204f the 2d, 98^ the 3d, llOj the 4th, 
212| the 5th, and 113| the 6th. How much in advance 
was the steamer at the end of the 6 days ? 

Ans., 792.421|. 

7. My meat bill for the 7 days of a week was, 1st day 
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11.37, 2d day 10.88, 3d day 11, 4th day 75 cents, 5th day 
$1.25, 6th day 97 cents, 7th day $1.10. At the beginning 
of the week the market man owed me $5.00. How did 
the account stand at the close of the week ? 

8. During the week a grocer sold from a bin of potatoes 
which contained 87|^ bushels at the first, 6f, ^, 17, 25^, 
42.25, 18.5, and 31 bushels; having in the mean time 
bought and put in 2 loads of 33|^, and 41.75 bushels, 
respectively. How many potatoes remained in the bin ? 

9. How much less than a thousand is 156.75, 428f, 
243.125, and 89^? 

10. From a piece of cloth containing 41| yards, I sold 
\ a yard, 1|, 8, 5.25, and 21.125 yards. What was the 
remnant ? 

11. A man's property is worth 17528; but he owes 
1347.50 to one man, $1000 to another, $75| to another, 
and %\b^ to another. How much would he be worth if his 
debts were paid ? 



SECTION IV- 

MULTIPLICATIOJT AJTD DlVISIOJf. 

Multiplication of Decimals. 

154. The process of Multiplication of Decimals is pre- 
cisely the same as that of whole numbers, the only thing 
needing farther attention being the position of the Decimal 
Point in the product. 

1. Multiply 732.53 by 37.846. 

Solution. — Multiplying the multiplicand by the parts of the mul- 
tiplier in Buccesaion, we then add the partial producta as in whole 
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732.53 

37.846 

4.89518 
29.8012 
586.024 
5127.71 
21975.9 

27723.33038 



numbers. First, to multiply 732.53 by 6 thou- 
sandths, if we first multiply by 6 we have 4395.18. 
But as our multiplier was to be .006 or ^^ we 
have to divide this product by 1000 (130), which 
is done by removing the point 3 places to the left, 
that is, cutting off 3 more figures (86). Hence 
we have for this partial product 4.39518. Again, 
multiplying by 4 we get 2980.12. But as this 4 is 
.04, we have to divide by 100, or remove the point two places to the 
left. Hence this partial product is 29.3012. Now we notice that icith 
each succeeding figure to the left there toiU he 1 less figure to cut 
off, in order to divide by the denominator of that order. So if we 
carry eac^ partial product one place further to the left than the 
preceding it wiU bring the decimal point i?i it exactly under the one 
above, and hence like orders wiU stand in the same columns in the 
partial produces. 

Perform the following, giving the reasoning in each case 



as aoove : 

2. 






8. 




4. 


356.28 




5.2704 




.256 


175.6 




.0341 




.053 


213.768 




.00052704 




.000768 


1781.40 




.0210816 




.01280 


24939.6 


■ 


.158112 




.013568 


35628 




.17972064 






62562. 768 










5. 46.702 X 


: 81.54. 




8. 


8246 X 


3.14. 


6. 1.764 X 


.0547. 




9. 


.347 X 


28. 


7. .0058 X 


.073. 




10. 


80.008 


X .0007. 



We observe from the above that the number of decimal places in 
the product is fixed by the multiplication by the lowest order in the 
multiplier. Now this requires us to move the decimal point as 
many places to the left (of where it is in the multiplicand) as there 
are decimal places in the multiplier. 
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Principle. 

166. In Multiplication of Decimals the number of ded- 
muls in the product must equal the number in both factors. 

Demonstration. — The preceding paragraph gives the reason for 
this principle. It may also be given thus : — Any number wholly or 
in part decimal may be read as so many of the lowest order men- 
tioned as are expressed by the figures regardless of the point. (For 
example 4.5 is 45 tenths; 43.75 is 4375 hundredths, etc) In reading 
in this way the denominator of each factor becomes 1 with as many 
O's annexed as there are decimal places in that factor. Hence the 
product of these denominators, which will be the denominator of 
the product (page 143), will contain as many O's as there are decimal 
places in both factors. Therefore the number of decimal places in 
the product equals the number in both the factors. 

11. Multiply 34.8 by 3.76 explaining the pointing off 

according to the last paragraph. 

Solution, 34.8 = W» and 3.76 = fJJ- Hence 34.8 

348 X 3.76 = W X ♦**. We therefore multiply the ^•'^^ 

numbers together as the numerators, disregarding the ^^S^ 

decimal points. This product is 130848. Now as the 1044 

denominator of the multiplicand is 10 and that of the 130.8^ 
multiplier 100, the product is thousandths. Therefore 
we point off three decimals, which is equivalent to writing 1000 as 
a denominator. 

£!xamples for Practice. 



1. 327 X .6 = 196.2. 

2. 327 X .06 = 19.62. 

3. 327 X .006 = 1.962. 

4. $375.6 X .125 = $46.95. 

5. 78.05 X 3.47. 

6. .543 X .0027. 

7. .00279 X .008 = .00002232. 

8. $48,275 X 6.421. 

9. 5832 X .05. 

10. $70.01 X .0001. 

11. 34 X .000025, 



12. 47 X 3.5. 

13. $73.6 X .0002. 
14 56400 X .01. 

15. 150 X .1. 

16. $79 X .1. 

17. 34.76 X 3.1416. 

18. 875 X .4343. 

19. $17.58 X 2.002. 

20. .8 X 1.1. 

21. 4.5 X 4.5. 

22. 3.712 X 3.712. 
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Division of Decimals. 

156. The process of Division of Decimals is precisely 
the same as that of Division of Whole Numhers, the only 
thing needing farther attention being the position of the 
Decimal Point in the Quotient. 

1. Of what operation is Division the converse?* To 
what does the Dividend correspond ? To what the Divi- 
sor and Quotient ? 

2. In Multiplication how must the number of Decimals 
in the product compare with those in the multiplier and 
multiplicand together ? Then in Division of Decimals how 
must the number of Decimals in the dividend compare 
with those in the divisor and quotient together ? 

3. Divide 988.234 by 25.87. 

Operation. 
Explanation. — Perfonning the 

division as in whole numbers we 26.87)988.234(382 unpointed. 

776 1 
find 382 as the quotient. Now by oToT^ 

the relation which division sustains 206 96 



to multiplication there must be as 5 174 

many decimals in divisor and quo- 5^74 

tient as there are in the dividend. 

There are 3 in the dividend ; and as there are 2 in the divisor there 

should be 1 in the quotient. Therefore 38.2 is the proper quotient. 

4. Divide 25 by .005. 

Solution. — Dividing 25 by 5, i. e.y disregarding the 
decimal point, we have a quotient 5. Now there are 3 ^'^^ Izr 
decimals in quotient and divisor. Hence there should 
be 3 in the dividend. As there are nonSy we write .005 ) 26.000 
3 O's as decimals in the dividend and complete the 5000 

division, obtaining the true quotient 5000. 

_ , — — — - 

* The young learner would say " opposite." In mathematics one problem is 
the converse of another when what Is given in one is required in the other. 
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5. Divide 6052.74 by 4.379. 

SuggestioiL — In such a case as this, 
when the division never becomes exact, 
we annex O's as explained in division of 
whole numbers, and continue the divi- 
sion as long as desired. In this case 4 
O's have been annexed, which makes 
the dividend actuaUy used 6052.740000. 
Hence as there are 6 decimals in the 
dividend and 8 in the divisor, there 
must be 8 in the quotient, and the true 
quotient is 1382.219 + . 



Quotient 
UDpointed. 

4379)6052.74(1382219 
4379 

16737 
13137 



36004 
35032 



9720 

8758 

9620 

8768 



8620 
4379 

42410 
39411 

2999 



Principle. 

157. In Division of Decimals the number of decimals 
in the divisor and quotient together must equal the number 
in the dividend used. 



Mxamples for Practice* 



1. 688.1875 -^ 5.5 ■= 125.125. 

2. .440946 -r- .561 = .786. 

3. 242.451-1.2245 = 198. 

4. $183,375 -^ $.489 = 375. 

5. .1728 -T- 12 = .0144. 

6. 343 -T- .007 = 49000. 

7. $67.8632 -^ 32.8 = $2,069. 

8. $983 ^6.6 = $148,939 + . 

9. 12 -r- .002 = 6000. 

10. 147.828 ^ 9.7 = 15.24. 

11. $37.4 -f- $4.5 = 8.311 + 

12. 7.85-7-3.43 = 2.2886+. 

13. .478 -T". 58 = . 824 + . 

14. .9009 -^ .4051 = 2.223 + . 

15. 2.25 ^ 18 = .125. 



16. 22.36^4.3. 

17. $3.25 -=- $.3. 

18. 87.9 -T- .3. 

19. $22.5 -^ .006. 

20. .001638-^.07. 

21. .08 -J- 32. 

22. $.643 + $1.05. 

23. .278 -T- .07. 

24. 14 ^ .7854. 

25. 3.1416 -f- 4. 

26. $8,371 -r- 500. 

27. $583.71 H- $120. 

28. 4.737 -7- 3000. 

29. 42 -f- 600. 

30. 125 -=- 25000. 
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Suggestion. — In case the divisor lias O's at its right, neglect them 
in the process of dividing, and obtain the quotient of the dividend 
divided by the significant figures. Then remove the decimal point 
to the left as many places as there have been O's neglected. This is 
the same as the corresponding case in division 
of whole numb&rs. Thus to divide 4.737 by ^1^^ )f-3!! 
3000, we neglect the 3 O's and divide by 3, 
obtaining the quotient 1.679. Now this True quot., .001579 
quotient is to be divided by 1000, the other iactor of 3000 (89). 
This is done by removing the decimal point 3 places to the left (86). 

Perform the following : 



1.579 Qnot. of 
4.787 + 8 



31. 7.82 -r- 10. 

32. $540 ^ 100. 

33. .56 -r- 10, by 100. 

34. .072 -^ 900. 

35. 1800 ^ .0006. 

36. $640 -T- $8000. 



37. .05 -=- 100. 

38. 235 -f- 50. 

39. 473 ~ 2300. 

40. 5.276-^11200. 

41. 30.03 -r- 710. 

42. 64-^.64. 



Applications. 

[Note. — In these problems when common fractions occur, put them 
into the forms of dedmals before performing the operation required.] 

1. What is the cost of 3J yards of cassimere at $2J per 

yard? 

Operation. 

$2.25 
3.75 

1226 
1575 
675 



$8.4475, or $8 and 45 cents. 

In aU business operations it is customary to drop from results aU 
fractions of a cent less than ^, or .5 of a cent, and to call aU fractions 
of a cent equal to or greater than J5 an additional cent. This ujiU 
always be done in these examples. 
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2. What cost 14| cords of wood at $6i per cord ? 

Am., $97.88. 

3. Bought of the groceryman 17| pounds of sugar at 
11| cents per pounds and handed him in payment a $5 
bill ; how much change should I receive ? Ans., $2.98. 

4. How many dozen hats, at $5 J each, can be bought 
for $1031^ ? Ans., 1^ dozen. 

6. Bought a case of 1 dozen pairs of boots for $112.50. 
What was that per pair ? Aiis.y $9|. 

6. If a railroad train averages 23| miles an hour, in- 
cluding stops, how long will it be in running 288 miles ? 

7. If a railroad train runs 350 miles in 1 9^ hours, but 
stops, 3 times 20 minutes each, and 10 other times 6 min- 
utes each, what is its average rate per hour while running ? 

8. How much will it cost to fence my house lot which 
is 4 rods by 8, on two adjacent sides, if I pay $lf per foot 
for the fence, a rod being 16|^ feet ? Arts., $346.50. 

9. If a ship sails at the rate of 130.75 miles per day, in 
what time will she make a trip of 69-J miles ? 

An8,y .53 + of a day. 



Bills of Goods. 

158. A Bill of Goods is a written statement in 
proper form, which the seller gives to the buyer, specifying 
the amount and price of each article, and the aggregate 
value of the whole. 

The person who buys is called DeUor, and the person 
who sells is called Creditor. 

The letter @ made in this way is used in such bills for 
" at," and is followed by the price of a unit, as 1 yard, 1 
pound, 1 gallon, etc* 
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Find the amount of each of the following Bills of 
Goods. 

10. Ann Abbob, Dec, let, 1874 

Mr. James Smith 

Bought of Philip Bach 

16i yds. Sheeting @ 22 cts $3.58 

7i yds. Flannel @ 62^ cts 4.84 

i doz. Hdkfs * @ 37i cts 2.25 

2f yds. Drilling ® 15f cts .43 

Redd Pay% $11.10 

Philip Bach. 

11. Detroit, Nff9, 125tb, 1874 

Mr. J. B. Angell 

Bought of S. 0. Johnson 

5 Cans Oysters ® 37^^ cts. 

19i lbs. Turkey @ 12^ cts 

20 lbs. Eaisins ® 17i cts. 

Redd Pay% $7.84 

S. C. Johnson. 

12. Ann Abbor, Oct, 7tb, 1874 

Mrs. a. E. Parks 

To Cole & Tremain, Dr.\ 

For 10 lbs. Granulated Sugar @ 11^^ cts. 

" 5 Heads Celery . . . @ 7^ cts. 

« 6i lbs. Butter .... ® 31^ cts. 

"" 1 lb. Tea $1.40 

" ^ lbs. Mocha Coffee . . @ 42^ cts. 

" lOi lbs. Codfish .... @ lOi cts. 

Chg'd in Acct. ...... 

* Hdkfe means handkerchiefti. 

t This form of Bill-head means Just the same as the preceding. Mrs. Parks it 
the Debtor, and Cole and Tremain are the Creditor. 
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When an account at a store has been running some 
time, the merchant often makes a copy of it for the creditor 
upon settlement. The following is such a transcript. 
What was due on the account ? 

13. Mb. Amos White 

In Acct with C. H. Millen & Co. 
Dr, 
May Ist, 1874, To 10 yds. calico . . @ 8| cts. 

6 spools thread . @ 6J cts. 
2:1^ yds. sheeting . @ 17f cts. 
June 15th, 1874, To 3 yds. Caesimere @ $2^ . 

« Trimmings, $1.25 .... 
Aug. 21st, 1874, To 4 Table Cloths . @ $1.75 

« 3 Prs. Cotton Hose @ 28 cts. 

6V. 
Sept 1st, 1874, By Cash $2.00 

Due 

Ann Arbor, Bee, 31«<, 1874 



M 



ii 



Goods Sold by the loo or looo. 

14. What is the amount of a bill of 5728 ft. of lumber 
at $37i per thousand feet ? 

Explanation. — ^Were we to analyze this process 
we should first find how many 1000 feet there were 
by dividing 5728 by 1000, obtaining 5.72a Then, if 
1 thousand cost $37^, 5.728 will cost 5.728 times $37i. 
Hence we see that we have to multiply together 5728 
and 37^ and divide by 1000 ; but, as the ord&r of the 
operation is immaterial, we take the inost convenient 
one. Hence 

159. To find the cost of articles sold by the 1000, mul- 
tiply together the price per thousand and the numier — 



Operation. 

5728 
37i 

2864 
40096 
17184 

$214,700 
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using the number or the price for multiplier ^ as is most 
convenient — and then cut off 3 decimals from theproduct^ 
or remove the decimal point 3 places to the left. 

If the price is given per ton and the quantity in pounds^ 
proceed in the same way, and divide the result by 2, since 
a ton is 2000 pounds. 

If the articles are sold by the 100, proceed in the same 
way, except that 2 instead of 3 figures are to be cut off as 
decimals, or the point removed 2 places to the left. 

15. What is the cost of 72568 brick, at $6.75 per M. ? * 

16. What is the cost of 85670 lath, at 23 cts. per C. ? * 

17. It is estimated that a certain public building will 
require 2 million bricks in its construction. What will 
these cost at $6^ per M. P 

18. I wish to put a board fence around a lot which is 10 
rods by 20 (16^ feet make a rod). I find that for 1 panel 
(length) of fence (16 feet) it will take 1 board 1 foot wide, 
which measures 16 square feet; one 8 inches wide, which 
measures lOJ square feet; 4 boards each 5 inches wide, 
which together measure 26f square feet. How much will 
the boards for the whole cost at $17^ per M. ? Observe 
that I shall have to pay for boards for whole panels. 
They will not cut the boards for me at the lumber yard. 

Ans., $57.04. 

19. If it takes 8750 shingles for the roof of my house, 
how much will they cost at $4.75 per M. ? 

20. What is the cost of 117800 lath at $2.50 per M.? 

21. What is the cost of a load of hay weighing 1875 lbs. 

at $12.50 per ton (2000 lbs.). 

-— 

« M. stands for 1000 (27), and C. for 100. 
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Operation. 

1876 
12.50 

0376 
S760 
1876 



2) 28.43750 
$11.72 

22. A farmer brought me 5 loads of hay which he had 
weighed at the public scales; they weighed 2785^ Ib^ 
3056i »., 2907i »., 3000 lb., and 3172^ lb. each, including 
the wagon which weighed 950 lb. What is the value of 
the hay at $15| per ton ? 

23. What will a load of coal weighing 1735 lb. cost at 
$11| per ton ? 

24. I paid a coal dealer $9.92 for a load of coal weighing 
1725 pounds. How much was that per ton ? 

25. I paid a coal dealer $9.92 for a load of coal, at $11|^ 
per ton. How many pounds of coal should there have been ? 

26. What is the cost of 15500 lb. of plaster at $7.50 per 
ton? 

27. A man paid $58.12^ for a car load of plaster at $7|^ 
per ton. How many pounds should there have been ? 

28. If 31000 lb. of plaster cost $116.25, what is that per 
ton? 

29. If freight from New York to Detroit is 5| c. per 
hundred, how much will be the transportation on 6 boxes 
of goods weighing severally 347|, 158^, 527|, 250, 348^, 
and 629| W. ? 

30. If railroad freight on wheat from Detroit to New 
York is 37^ cents per 100 pounds, what is that per bushel 
of 60 pounds ? 

31. November 25, 1874, freights by water from Milwau- 
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kee to Buffalo are quoted at 5| c. (f. e., 5^ c. per bushel). 
What is this per 100 lb. ? 

32. Which would be better, to charter a yessel which 
would carry 1200 tons from Milwaukee to Buffalo for 
$2500, or to pay freight at the rate of 5^ c. per bushel ot 
wheat ? 

33. What is the freight from Detroit to New York on a 
car load of wheat— 375 bushels— at 37^ c. per 100 lb. f 

34. Expressage from Ann Arbor to East Saginaw is now 
$1^ per hundred. What will this add to the cost of butter 
per pound if I ship 6 crocks weighing in gross (t. e., crocks 
and all) 35^ lb. each, the crocks weighing 4 lb. each, and 
the return expressage to be paid on the crocks ? 

Ans., A little more than 1^ cents. 

36. This fall (1874) freight on wheat by yessel from 
Toledo, 0., to Oswego, ST. Y., is quoted at 14 c. (14 c. per 
bush.). What is the freight on a schooner's cargo of 1200 
tons? 

36. Which will cost the more, to ship 1000 bushels of 
wheat by water at 15^ cents per bushel, or by railroad at 
31i c. per 100 lb. ? How much ? 



37. What ought eggs to be per pound when they are sell- 
ing at 18|- c. per dozen, if they average 9^ eggs to a pound ? 

38. If a compositor (one who sets type) receives 40 c. per 
1000 m's for setting, how much will he receive for setting 
a book of 296 pages, which measure 1576 m's to a page ? 

39. What is the amount of a bill of lumber for 25371 
ft. boards ® $37^ per M., 1483 ft. scantling @ $18i per 
M., 21000 lath at 21 c. per C, and 7342 shingles at $6^ 
per M. ? 



CHAPTER IV. 

DENOMI NATE N U MBERS. 



SECTION I. 
Tables. 

160. An Abstract Number is a mere number; 
that is, a number not applied to any specified things. 
Thus teriy seven, 146, f , 4f , are abstract numbers. 

161. A Concrete Number is a number applied to 
some specified thing, as ten men, seven trees, 146 feet, f of 
an acre, 4| pounds, etc. 

1 62. Denominate Numbers means, Uterally, Named 
Numbers; but the term is applied only to concrete num- 
bers which represent money, weight, or measure. Thus $5, 
10 lb.,* 3 gai., are denominate numbers; but 6 men, 10 
trees, 3 stones, are not. 

163. In denominate numbers the different Orders, as 
of money, weight, or measure, are called Denomina- 
tions. Thus dollars, dimss, and cents are denominations 
of money; and rods, feet, and inches are denominations of 
measure. 

164. A Compound Number consists of several 
related denominations written together, and to be read as 
one number. Thus 4 qal. 2 qt. 1 pt is a compound num- 
ber; so also is 6 mi. 25 rd. 10 ft.* 

* It is presnmed that rhe pnpll win have become farailiar with theee common 
abbreviations before he reaches this point in his course. 



UXITED STATUS COINAGE. 



UNITED STATES MONET. 
Present United States Coinage. 
Gold. 






The Trade dttllar 
■i coined onlj for for- 
ipn nee. BUver 5- 
nnd 8-cent pieces, and 3- 
piecea, though in coni- 
uBe. sre Dot now roijied, 
'lie mil] waa never I'oinod. 

ftold coin IB .9 pme gi>ld and 
.! allny of silver and co;]per. 
Silver coin ia .9 pure silver and ,1 
cjippor. Nieketoia (ai-called; 
copper and ^ nickel BTuina is 

A gn1d doDar weighs 25 8 gr., and a 
silver dollar 420 gr. 

Canada Currency 
is the same aa United 
States, although much 
use la Btill made of Eng- 
lish cuiiency. 
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EUfGLISH, OR STERLING MONEY. 

166. The Denominations of farthinc 

English money are Pounds, Shil- 
lings, Pence, and Farthings, repre- 
aented respectively by £., s., d., and 
far. 

The Qoid Coin whose value ia £1, in 
called A So^Teign {toe.), lis valae in Amer- 
ican gold is $4.8e65.< FromthiB 
TiJae and the f olIowiDg table, the 
pupil will be able to calcalate 
the value of anj English coin. 
Table. 
4/ar. = \d. 
\%d. =1 8. 
20 s. = £1. 
A ffwjwa iaa gold coin equal to 
iU. Action IsamlTercoin equal 
to 5«. A Florin in a 
(diver ^«hilliiig piece. 

1. What ia the 
value in our coin 
of an English shil- 
ling? Of a penny P 
Ofafarthing? Ofa 
crown? A guinea? 

2. What is £5 128. 
in dollara and cents? 

3. What Enghsh 
coin is very nearly 
ahalf-doUar? What 
is very nearly a half- 
eagle P 

4. What is 108. 6d. in our coin 

• Thli " par of eictange," «b It 1b called, In 
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FRENCB COINS. 



166. The French coins most frequently mentioned in 
this oonntry are tlie Franc (frank), the Napoleon, and the 
Centime {centeem'). 

The CerUime Is j^ of a Fr&nc, jast as our cent is j^ of a dollar. 
A ifapolecn Is a 20^friii)c gold piece. The franc is silTcr, and the 
centime bronze. The abbreviation for francs ia ft., and centiraee are 
written as dedmals, thus C.IT is 5 francs and 17 centimes. 






1. AFrancist-lOS. 
How much is a Cen- 
time? A Napoleon? 

2. How near is a 
5-fraDc piece to *1 ? 

3. The French Gold 
coins are 100, 40, 20, 
10, and 5 franc pieces. 
How much is each 
in our coin ? 

4. The French Silver coins 
and 50 and 35 centime (/. e 
pieces. How much is each in onr coin? 

5. The Bronze French coins are 10, 5, 2, and 1 centime 
pieces. How much is each in onr coin ? 

6. 1,000,000^ are how many dollars and cents? 25'* .37? 
15'*'.75? 258"* .60? lOO^'P^? |550 = how many francs? 



are 5, 2, and 1 franc pieces, 
, half and quarter francs) 
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QEBMAK COINS. 
167. The standard 
deaominations of Ger- jo-mark. 

man coins are The 
Mark (33.8 cents), aod 
The Pfennig = t*t 
of a mark. 

The PniBsiau ^Jier Tha- 
ler (74.8 c), and the SUver 
OroKckm (21 c), are the 
coins as yet most (re- 
qoently referred to in this 
couutty, the mark imd 
pfennig having been made 
the atuidude in 1678. 

1. TheGennan Gold 
c i Q B are 6 - mark, 

lO-mark, and 20-marlc pieces. What is the value of each 
in our coin ? 

2. The German Bilver coins are 30-pfennig, 1-mark, 
2-niark, and 5-mark pieces. What ia the value of each in 
our coin ? 

3. The German Copper coins are 5 -pfennig, and 
10-pfennig pieces. What is the value of eacli in our 
coin ? How many pfennigs make a cent ? 

4. If gold is worth %\.\ in our paper currency, what is 
the value in currency of a book quoted at 13.34 marks? 
At 56 pfennigs ? At 3 Th. 8 s. gr. 9 At 1 TIi. 13 s. gr. t 
At 31.54 marks ? What are hundredths of marks ? 

5. $100 gold = how many marks ? 

6. How many pfennigs make i of a dollar? 

7. How many marks make |1 gold ? 
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MEASURES OF EXTENSION. 

168. A Point is a place without size. 

We represent points by dots on paper, or on ^^ 

our slates, but the point is to be thought of as 
just the centre of the dot. We put letters by 
the points to designate them, and so speak of 
the point A, the point B, the point C, etc., mean- A* b* 

ing the centre of the dot by which the letter stands. 

169. A Line is the path of a point in motion. 

If we conceive a point at D and then D C 

as moving to some other position, as to 
C, its imaginary path is a line. So also if 
the point does not move in a straight 
line but in a curved line, as from M to 
N, its imaginary path is a line, all the same. When we draw a 
mark with a pencil to represent a line, the pencil point represents 
the point, and the mark made represents the line. A trtis line has 
no width, although the mark by which we represent it has. We 
may think of the line as in the centre of the mark just as we 
think of the point as in the centre of the dot. The ends of a line 
are points. A line is designated by letters placed at its ends, as the 
line DC, the line MN, etc. 

170. A Straight Line is the path of a point mov- 
ing all the time in the same direction. Generally, when 
we say " line '* we mean a " straight line." 




171. An AjD^le is the opening 
between two lines which meet. The 
point where the lines meet is called ^ 
the Vertex of the angle. 

In common language we call an angle a Comer, Thus the comer 
or opening between the two Unes BA and CA, is the angle BAG. 




-C 
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In designating an angle we use a letter placed at the vertex, or 
three letters, one on each of the lines, with the letter which stands 
at the vertex named between them. Thus the angle above may be 
spoken of as the " angle A/' or the " angle ABC." 

172. When one straight line, as 
CA, meets another, as BD, so as to 
make the angles CAB and CAD 
equal (f. e. just alike), the angles are 
called Bight Angles. A right 
angle is a square comer. 



B 



N 



M 



H 



Are the angles MON and NOP 
equal? Are they right angles ? Which 
is the larger angle (comer)? Are 
EFG and GFH equal ? Are thej right 
angles ? 

173. An Acute Angle is an angle 

which is less than a right angle, and 
an Obtuse Angle is one which is 
greater than a right angle. 



An acute angle is a sharp comer, 
and an obtuse angle is a blunt comer. 
Which is the acute angle, or P ? In 
this figure there is one acute angle and 
one right angle, and there are two ob- 
tuse angles. Point them out, designa- 
ting them by the proper letter^ or let- 
ters. 

174. An Angle may be conceived as produced by a line 
revolving about one of its extremities (ends). 

Thus suppose the upper line to revolve around its left-hand 
extremity, as if the two lines were two sticks fastened together at 
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one end bj a hinge. When the lines 
are shut together (they are nearly so 
in 1) there is no angle, or we call the 
angle 0. When the line AO has re- 
volved a little 
A so as to make a 

small opening, 
as in 2, the angle 





is quite acute. As AO revolves the angle 
enlarges until it becomes a right angle as AOB 
in the figure at the left. Then as AO moves 
on the angle becomes obtuse. 



176. A space which has length and breadth but not 
thickness, is called a Surface. 

176. A Kectangle is a plane (flat) 
surface, or figure, bounded by four straight 
lines and having aU its angles right an- 
gles. A is a rectangle. 

177. A Square is a rectangle having all 
its sides equal each to each. B is a square. 





178. A Solid, or Body, is a space having length, 
breadth and thickness. 

179. A Parallelopiped is a solid, 
or space, bounded by six rectangles, and 
haying all its angles right angles. C 
represents a parallelopiped. 

180. A Cube is a parallelopiped hay- 
ing all its faces (sides) squares. D repre- 
sents a cube. A cube each of whose edges 
is 1 inch, is a OuJnc Inch ; one whose edges 
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are each 1 foot, is a Cubic Foot; one whose edges are each 
1 yard, a Cubic Yard, etc. 



181. A Line, or Distance, is measured by another line 
or distance. 

Thus the line AB maybe y^ , , , , , , q 

measured by the line w. If m 

m is 1 the line AB is 5, since 
it contains m 5 times, i. «. AB is 5 times as long as m. 

182. The lines or distances commonly used in measur- 
ing length, or distance, are an Inch, a Foot, a Yard, a Rod, 
and a Mile. 

The line A is an inch. A foot is 12 times A 

as long. A jard is 3 times as long as a foot. 

A rod is 5^ times as long as a yard. A mile is 320 rods. 

183. A Surface is measured by another surface,-^- 
usnally by a square. The Area of a surface is the 
number of times it contains the measure. 

Thus the surface A may be measured by the sur- 
face m. If wi is 1, we readily see that A is 15, for A 
is 16 times as large as m; i. e., if we were to cut out 
16 pieces of paper like m,it would take 15 of them to 
cover the figure A, Therefore the area .of A is 16, if L I*** 

m is the measure. 

184. The surfaces commonly used for measuring sur- 
face are the Square Inch, Square Foot, Square Yard, 
Square Rod, Square Mile, and the Acre. 

The whole square on page 204 is a square inch. A square foot is 
a square each of whose sides is 1 foot long. A square yard is a 
square 1 yard on a side. A square rod is a square 1 rod on a side. 
A square mile is a square 1 mile on a side. An acre is 160 square 
rods ; it has no corresponding measure of length. 



A 
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m 
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Principle I. 

186. The Area of a Rectangle is the product of 
its length iy its width.* 

Illustration. — If surface A is 7 long and 5 
wide ; and m, the measure, is 1 on a side, we 
can apply 7 of the measures along one side of 
the surface, as from B to C, making a row of 
7 measures. Now we can apply the measure 
so as to make as many such rows as there are 
units in the width — in this case 5 ; and 5 times 7 measures (m) make 
35 measures. Hence the area of A is 35, m being the measure. 

1. A square foot is 12 inches 
on a side. How many square 
inches in a square foot ? 

2. A square yard is 3 feet on 
a side. How many square feet 
in a square yard ? 

3. Show that there are 30} 
square yards, or 272} square 
feet in a square rod. 

4. Show that there are 102400 square rods in a square 
mile. 160 square rods make an acre. How many acres in 
a square mile ? 

186. A SoUd 
is measured by 
another solid — usu- 
ally by a cube. The 
Volume, or Con- 
tents, of a solid 
is the number of 
times it contains 
the measure. 



12 
11 
II 

9 
8 
7 
6 
6 
4 
t 
% 
I 



1234 567 89 10 11 la 




♦ With some grades of pupils It will be well for the teacher to introduce the 
terms Base and Altitude. 
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Thus the Bolid S nut^ be measured by metuia of the cube m. 
tn is 1 we readily see that S is 210, (or S is 210 timefl aa la^e aa i 
t. e. if we were to make a pile as Urge aa S of such bh>ckB as m, 
woold take 210 such aa in to make it. 



Principle II. 

187. 7^ Volume of a Farallelopiped ts lAe pro- 
duct of ila three diinmnions, thai is, of its length, breadth, 
and thickness. 

Uluatrntion.— If eolid S (186) ia 7 long, 5 wide, and 6 high ; 
and m, the measure, ia a cnbe 1 aa each edge, we can place S of the 
measures along one ude of the bottom (base) of the partdlelopiped 
S, as from A to B, and 7 auch rows will cover the base. Thus it 
takes T ^ 5 of the tneasares to cover the base 1 deep. Then, as the 
parallelopiped is 6 high, it will take 6 each lajers, or 7 x 5 x 6, to fill 
the whole space. Hence the Tolnme of the parallelopiped S ia 
7 x 5 X 6, or 210, m being the measure. 

L How many cubic feet in a ^_^^_^^^ 
cubic yard ? 

3, How maoy cnbic feet in 

a parallelopiped 8 feet loog, 

4 feet wide, and 4 feet high ? 

This ia called a Cord of wood. 

Ans., 138. 

3, How many cubic inches 
in a cnbic foot ? 

188. Abbreviations. — in. stands for inch or inches, 
ft. for foot or feet, yd. for yard or yards, rd. for rod or 
rods, mi. for mile or miles, sq. for sqnare, cm. for cubic, A. 
for acre, cd. for cord. 
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189. Tables. 

Long Measubb. Squabb Measubb. Cubic Measubb. 

12 in, =ljt, .* * 144 «g. in, = 1 iq.ft,, and 1738 eu. in.= 1 cu ft, 
3ft. =1 yd. ,\ 9gq. ft. =l9q, yd., and 27 m.ft.= \ cw. yd, 
51 yd. = 1 rd. .*. 80J ^gr. yd. = 1 «gr. rd. 128 cu,ft.=: 1 cd. 

320rd. = 1 wi. 160«gr. rd. = 1 ^. 

640 A = 1 «g. 1711. 



190. Cloth, ribbons, laces, etc., are sold by the yard 
in length, irrespective of the width, the differing widths 
being considered in fixing the price. For such measure- 
ments the yard is divided into halves, quarters, and 
eighths. 

Ex, How many inches is a half a yard ? How many in 
a quarter ? An eighth ? A sixteenth ? 

191. For measuring land. Surveyors use a Chain 4 rods 
long, and made of 100 links of equal length. 

1. How many feet in 4 rods ? How many inches in 66 
feet ? Then how long is 1 link of the Surveyor's chain ? 

2. How many rods in a mile ? Then how many chains 
in a mile ? 

192. The Public Lands of the United States which 
have been surveyed during the present century have been 
laid out in Townships, which are squares 6 miles on a 
side. These are divided in what are called Sections. A 
Section is a Square Mile. 

1. How many sections in a Township ? 

2. How many acres in a section ? In a half-section ? 
A quarter-section ? An eighth of a section ? 

* This sign .*. means '' therefore." The teacher Bhoald be sQre that the pupil 
sees the connection, and dependence of these tables. 
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3. What part of a section is 320 acres? 240? 160 ? 
120? 80? 40? 

4. How many 80 acre lots in a sec- 
tion? A half-section? A quarter- 
section ? 

5. This figure represents the way 
in which a section is usually divided. 
How long and how wide is a quarter- 
section, or 160 A. ? 80 A.? 40 A.? 



Malf 
820 


Seck 
A. 


40 Jl. 


• 

8 


Qr. Sec 
160^. 


40 A 



193. In measuring boards the surface measure alone is 
considered unless the board is more than an inch thick. 

1. How many inches in length is a board 10 ft. long? 
If such a board is 8 inches wide, how many square inches 
in it ? Then how many square feet ? 



Suggestion. — Observe that we have ^^ ^aW ^ ^ * which by can- 
cellation becomes ^, or 



144 



Why do we multiply the 10 by 12? Why this product by 8? 
Why divide by 144? 

2. How many square feet in 6 boards each 14 ft long 
and 15 in. wide ? 

SuggesUon—We have i^xig^x^isxe ^ i4^_^L2iA 

Why is it that in measuring boards we may multiply 
the length in feet by the width in inches, and divide the 
product by 12 to get the square feet ? 

3. How many square feet in a load of boards in which 
there are 10 boards 12 ft long and 10 in. wide, 8 boards 
16 ft. long and 8 in. wide, 20 boards 14: ft. long and 10 ifi. 
wide? How much would this load amount to at 132 
per M. ? Ans., $13.40. 
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When the lumber is 1^ in, thick, } is to be added to the superfi- 
cial measure ; when 1^ in. thick, ^ is to be added ; when 2 in. thick, 
the superficial measure is to be doubled. Why? 

4. How maoy feet of boards in a load consisting of 30 
pieces of l^in. stuff, 12 ft long 6 in. wide; 40 pieces of 
1^ in. stuff, 10 ft. long and 9 in. wide ; and 20 bolts of 
"siding*' (i in. stuff) 12 ft. long and 5 in. wide, with 6 
pieces in each bolt? Ans.^ 1,276 feet. 

Lumber is sometimes sawed so that the boards are an inch or two 
wider at one end than at the other. In such cases the width is 
measured in the middle. 

5. How much flooring 1^ in. thick will it take for the 
floors of 10 rooms, 2 being 18 x 15 ft. (18 ft by 15 ft.) 
each, 2 15 X 12 ft each, 1 12 x 16 ft., 1 12 x 12 ft, 2 
10 X 12 ft each, and 2 10 x 10 feet? How much will it 
cost at 132 per M. ? Answer to last, $67.04. 

6. Wall paper is usually 18 inches wide, and 8 yards 
make a roll. How many rolls must we buy to paper a room 
16 X 18 /if. whose walls are 10 ft. high, no allowance being 
made for doors and windows ? What will it cost at 40 c. 
per roll if an allowance of } be made for doors and win- 
dows ? 

Suggestion. — How far is it around the room ? How many widths 
of paper will it take to go around ? It is 68 ft. around the room, 
and as the paper is 1^ ft, wide, it will take 68 -4- 1^ strips, that is, 
45 whole strips and \ of the width of a strip. Hence we shall have 
to buy 46 strips of 10 feet each, or 460 feet. Now there are 24 ft. 
in a roU ; hence we must buj 460 + 24, or 19^ rolls. As they do 
not usuaUy cut roUs, we shall have to buy 20 rolls. 

7. How many rolls of wall paper must we buy to paper 
2 rooms, one 12 x 16 /Z. and the other 15 x 18, each 10//. 
high, there being 7 doors and windows in one room, and 6 
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in the other, each of which is 3^/i?. wide ; it being under- 
stood that the strips are not to be pieced, but that the 4 
ft. which each roll will overrun will piece out above the 
doors and windows ? What will the papering cost at 60 c. 
per roll for the paper and 20 cents per roll for putting it 
on, to which must be added bordering at 15 c. per yard, 
and 20 c. for putting on every 8 yds. of bordering ? 

We shall have to buy whole rolls, and shall be charged for pat- 
ting on a fraction of a roll, as for a whole rolL 

Arts., $27.90. 

8. In surveyor's measure 80 chains make a mile. How 
many square chains in a square mile ? 

9. A piece of land 20 chains square contains how many 
acres ? How many square rods in a square chain ? 

10. How many square chains in an acre ? How many 
acres in a piece of land 7 chains wide and 12 chains long ? 



194. Sea Depths are measured in Fathoms. A Fathom 
is 6 feet. 

1. How many feet in a mile ? How many fathoms in a 
mile ? In 3 miles ? 

2. At a certain place the sea was reported as 900 fathoms 
deep. How much more than a mile deep was it ? 

3. How many miles in depth is that place in the Atlan- 
tic Ocean which is reported as 2640 fathoms deep ? 

4. In our Western forests many of the trees are 100 feet 
high. How many fathoms deep would a lake be which 
would submerge these standing forests ? 
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1. How many cubic feet in a pile of 4 foot wood (that 
is, BtickB of wood 4 feet long) piled as in the picture, tlie 
pile being 33 feet long and 5 feet high? How many 
cords? 

2, How many cords of wood in a pile of 4 foot wood 130 
yif.longand6/jf. high? 

Suggestion. — A convenient waj lo iolve each an example is this : 

^'; ; ; ; ; = m = 34|. 



The pupil should give the reasons for this proceaH. 

3. How many cords in a pile of 6 ft. wood 148 feet long 
and 8 feet high ? Ans., 55f 

4. How many cords in a pile of wood 36 ft. long, 4 ft. 
wide, and 4 ft. high P When wood is piled in tliis way 
how many feet in length of the pile does it take to make a 
cord? 

5. Why does if* give the nnmber of cords in a pile of 
4/i. wood, 4 ft. high, and 850 //. long? 

6. How many cords in three piles of 4/if. wood, the first 
Z&ft. long and 4 ft. high, the second 42 ft. long and 5 ft. 
high, and the third 30//. long and Qft. high ? 

Query.— Wliy, in estimating the number o( cords in a pile of 4 ^. 
wood, is it only neceBsary to multiply the length by the height, and 
divide by 4 x 8, or 32? 
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t. How many cords in a pile of ift. wood 200 ft. long 
and 7 ft. high ? How many if the wood be 3 feet long? 
If %Jt, long ? How many in each case if the pile be 6 ft. 
high? 5/jf. high? 8/(. high? 




8. How mach wood in a load coDBisting of 3 lengths of 
4 foot wood, the load being 5 ft. 2 in. wide, and Zft. 6 in. 
high? 

Suggeation.— Since 3 in. = ^ = ^ of a foot, and 6 in. = )^ a foot, 
tliis load iB equivaleot b> a pile 9^ ft. long and %\ high. Hence we 
have -| — ^ = - — __ — __, or r cubic foot less than | of a cord. 
(Mou. ft. are (of a cord.) 

9. How much wood in a load consisting of 3 lengths of 
4/if. wood, the load being 3 /i!. wideand8/i!. 8tm, high? 

9xaj _ 9x8 8 
4x8~3x4x8~4" 
Note. — Wood-racks are sometimes narrower at the tKittom than 
at tlie top, and hence the nidth of the load should be measured 
half waj up, as this gives the average width. 

10. How mnch wood in a load consisting of 2 lengths of 
4 ft. wood, the average width of the load being 3 ft. 9 in, 
and the height 3 ft. ? Arts., ^ cd. and 2 cu.fL 

11. How many cubic yards in a ditch J mi. long, and 
which averages Zft. deep and 4/Jl. wide ? 
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12. At 20 c. per cubic yard what does it cost to excavate 
a cellar %Oft. by 30 /f., and ^fL deep? 

13. At 30 c. per cubic foot what cost a stick of timber 
15^ in, square and 20/^. long ? 



MEASURES OF CAPACITY. 

196. The Capacity of a yessel is the amount which 
it contains — ^its contents (186). 

196. There are two varieties of measures of capacity 
in common use, viz., Liquid Measure and Dry Measure. 

197. Liquid Measure is used in measuring liquids, 
or in estimating the capacity of vessels designed to contain 
liquids, as water, milk, oil, molasses, alcohol, etc. The 
Denominations, or measures, are gills {gi»), pints {pt.), 
quarts {qt), gallons {gal,), and barrels {hU,). 

198. Dry Measure is used in measuring grain, seeds, 
fruit, etc., or in estimating the capacity of vessels designed 
to contain such articles. The Denominations are pints (j>t.), 
quarts (g#.), pecks {ph.), and bushels {lu.). 

199. The denominations of like name in these two 
measures do not represent the same amounts. The Dry 
pint and quart are about \ larger than the Liquid pint 
and quart; or, more exactly, the Dry quart contains 67.2 
cubic inches, and the Liquid quart 57.76 cubic inches. 

lUustration, — These two figures 
represent boxes each of which is 4 
inches square on the bottom; but 
the Dry quart is 4.2 inches deep 
while the liquid quart is but 3.61 
inches deep. 




-^IN, > "^IN, 



210 DENOMINATE NUMBERS. 

1. 4 quarts make a gallon. How many cubic inches 
make a gallon ? 

2. 8 quarts make a peck and 4 pecks make a bushel. 
How many cubic inches in a bushel ? 

3. Which is the more, 1^ cu.ft or 1 5w. f 

-4w5., The difference is less than \pt (f). 

200. Tables. 

Liquid Measubb. Dby Mhabube. 

4 gi, = Ipt. 

2 pt = 1 qt. 2 pL =1 qt. 

4 qt. = 1 gal. 8 qts, = 1 ph, or 2 gal. 

31i gal = 1 bbl* 4^*. = 1 Sw. 

PhTsicians and Apothecaries nse a kind of liquid measure of 
which the denominations are Mimms {tt[), Fluid Drachms (f 3 ), 
Fluid Ounces (f § ), PintSf and Gallons. The pint and gaUon are 
the same as the common Liquid Pint and Gallon, but are designated 
bj the abbreviations (O.) (Latin octarius, pint), and Cong, (loiiin 
conffius, gaMon). 60TTl. = lf3, 8f3 =lf|,andl6f5 =1(0.). 

Physicians in making prescriptions frequently caU a minim a 
drop, a fluid drachm a teaspoonful, 4 fluid drachms a tablespoonful, a 
fluid ounce 2 toMespoonfuls, 4 fluid ounces a teacupfiU, and a pint 4 
teacupfuls.j[ 

1. How many pints in a gallon? In 5 gallons ? 7 gal- 
lons ? A barrel ? 

2. How many quarts in a barrel ? In 5 bbL ? In 
4 hbl. ? 

* Barrels are made of varions eizes from 80 to 40 or even 66 gallons ; but in 
eetimatiiig the capacity of cistems, vate, etc., 81| gal. is usually considered a 
barrel. There is no definite measure in use caUed a hogshead. Any large cask 
is fk>equently so called. 

t These measures are veiy indefinite, and in fttct are much in excess of what 
they are called. Thus a drop of most liquids is much more than a minim. A. 
common teaspoon holds nearer 90 than 60 drops of water, and we more fi^quenUy 
find teacups that hold i a pint than a gill. 
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3. How many pints in 20 gi. ? In 16 gi. ? 

4. How many quarts in 128 pt. ? Then how many gal- 
lons in 128^^.? 

5. How many barrels in 78,506 gal ? In 250,082 gal. ? 
In 856.47 gai. ? Answer to one^ 7939.11 + . 

6. How many gallons in 412,578 qt. ? Then how many 
barrels ? 

7. How many barrels in 642,800 qt.? In 500,000 qt. ? 
In 1,000,000 pt. ? Answer to last, 3968.25 +. 

8. How many cubic feet in rectangular (square-cornered) 
box 3 ft. long 3 ft. wide and 2 ft. high ? How many cubic 
inches? Then how many gallons? How many barrels ? 

Answer to last, A little more than 4J. 

9. How many barrels in a rectangular box 5 ft. by 3 ft* 
and 4: ft. high ? How many bushels ? 

Suggestioiu — In finding how manj bushels a vessel contains it is 
convenient to observe that ^V.^A = tt-^* Hence in this case 

» 1 6 0*4 1 l-» 

g X 3 X 4 X 1 128 _ g X 3 X 4 X 9 _ 6x3x9 _ 4Q o i 
8160-4 ~ 118 — 88 —«>•'»•+'• 

10. A box which would hold a cord of wood would hold 
how many bushels of wheat? How many barrels of 
water? Ans., 102.85 + bu,, or 30.4 ibl. nearly. 

11. How many bushels in a barrel of 31^ gallons. 

Ans., 3.4 nearly. 

12. It is customary to heap the measure in measuring 
apples, potatoes, com in the ear, ashes, and some other 
substances, so that about 5 pecks are sold as a bushel. 
According to this method of measuring, how many bushels 
does a barrel of 31i|^ gal. contain. Ans., 2J nearly. 

* The size of a rectangle is thus expressed. 
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13. How many bushels of wheat does a rectangular bin 
5 ft by 5 ft. and 5 ft. deep contain ? How many of 
potatoes ? 

Answer^ 100.44-1- of wheat, and \ of 100.44 -h or 80.35 -h 
of potatoes. 

14. According to the note under the table, how many 
drops make a teaspoonf ul ? How many teaapoonfuls make 
a teacupful ? (See note at the bottom of page 210.) 

15. A man sold me 32 quarts which he called a bushel 
of strawberries ; but, he measured them in a liquid quart 
measure instead of a dry quart measure. What part of a 
bushel did I get? How many liquid quarts should he 
have given me ? 



16. I have a cistern the bottom of which is a circle 6 ft. 
across {%. e. in diameter), and 6 ft, deep, the sides being 
perpendicular. How many gallons of water does it con- 
tain ? How many barrels? 

Note. — It is found out in Geometry that if a cir- 
cle is enclosed by a square, as in the figure, the 
area of the circle is .7854 of the area of the square. 
Hence 

20 1 • To obtain the a/rea of a circle mvUvpLy 
ths diameter {distance across it) by itself and this 
product by .7854. 

And to obtain the volume of a cylinder {such a body 
as the cistern) mvUiply the a/rea of the base {bottom) 
by the heighi. 

Solution of Ex. 16. « x « x « x^'^^s^s^ x ngs 

= 1269.048 +. Hence the cistern contains a little 
more than 1369 gal., or 40} 5W. nearly. 





17. How many barrels does a cylindrical cistern contain 
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the diameter being Sft, and the depth Sft ? One whose 
diameter is 12 ft, and depth 10 ft ? 

T31 XI. £x u 8x8x8x .7854 x 1728 

For the first we nave jr^^ — -tt . 

231 X Hli 
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202* There are Three Varieties of measures of weight; 
viz., Avoirdupois * Weighty Troy \ Weight, and Apotheca- 
ries Weight. 

203. Avoirdupois Weight is the common weight 
used by grocers, and for most ordinary purposes. The 
denominations are Ounces {oz.), Pounds (lb.), Hundred 
Weight {cwt.), and Tons (T.). 

204. Troy Weight is the weight used for weighing 
gold, silver, and precious stones, and in philosophical ex- 
periments. The denominations are Grains (gr,), Fenny- 
weights (pwt.), Ounces {oz.), and Founds {lb.), 

205. Apothecaries Weight is used in medical pre- 
scriptions. The denominations are Grains (gr.). Scruples 
{3)9 Drams ( 3 ), Ounces ( ? ), and Founds {lb.). Drugs 
and medicines are bought and sold in the quantity by 
Avoirdupois Weight. 

PhysiclaDS in writing prescriptions use the Roman Notation (26) 
to designate the number of grains, scruples, drams, or ounces, and 
write them after the symbol. In writing thus, a final i is written j ; 
thus gr. yj is 6 grains, 3ij is 2 scruples, 3 iij is 3 drams, J iv is 4 
ounces, etc. 

In wholesale transactions in coal and iron, and in the U. S. Cus- 
tom Houses, 112 lb. are called a cwt ; hence 28 U). is a Quarter (of 
a cvjt.), and 2240 lb. make a Ton. This is sometimes caUed the Long 
Ton. 

♦ Prom three French words avoir du poida, meaning *' to have weight" 
t From Troyes in France, whence this weight came into use. 
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Tables. 

206. AvoiRDTJPOis Weight. 

16 oz. = 1 lb. 
100 lb. = 1 cwt. 
20 cwt. = 1 T. 

Tbot Weight. Apothecaries Weight. 

24 gr. = Ipwt \ r 20 ^r. = 1 sc, or 3. 

V 7 3 3=1 dr., or 3 . 

20 ^w^. =zloz. ) (83= loz., or I . 

12 oz. = 1 lb., or fi). 

Table showing the Weight of a Bushel of the principal grains 
and seeds, as established by Law in the several States. 

Barley, i ^^ ^^'^ ^•' ^y*' ^^^^* Minn., Mo., N. C, N. J., Ohio, Wis. 48 ». 
« Maes., Or., Vt. 4J». ; W. T. 45U>. ; La. 82». ; Pa. 47». ; Cal. BOlb. 

Baek- i^*^^' ^*'*°-' ^'-^ W^»- '*®*-; I^M Ky., Mo. 62».; Ind., N. C, 
wlieat. 1 N. J. 60 ». 

( Cal., HL 40 ». ; Mass., Vt. 46 lb.; N. Y., Pa. 48 ». ; Conn. 45 ». 

r^i«^.» ( ^-^ ^"^^ ^•» ^y-' ^*<^^-' ^*™-» MOm N. Y., Ohio, Or., W. T., 
( N. J. 64 lb. 



Indian \^°°' -R?^' M.,J[a.^Ky., La., Mass., Mich., Minn., N. J., Ohio, 
Comi 



/ Conn., Del., Ind., la., Ky., La., Mass., Micl 
J^ ] Or., Pa., Vt., W. T., Wis. 56 lb. 
• (CaL,Ill.,Mo. 68».; N.C.54».; N. Y.68». 



I Cal., lU., Ind., La., Mich., Minn., N. Y., Ohio, Pa., Vt., Wis. 32 ». 
Oats. < Me., Mass., N. C, N. H., N. J. 86 ^. ; la., Mo. 86 ». ; W. T. 36». ; 
( Conn. 28 lb. ; Ey. 100 ». to 3 bu. 

^Conn., Ind., la., Ky., Mass., Mich., Minn., Mo., N. J., N. Y., Ohio, 
Or., Pa., Vt, W. T., Wis. 56 lb. 
Cal., III. 64 «. ; La.52». 

Timothy j HI., Ind., la., Ky., Mo. 45 lb. 
Seed. 1 N. Y. 44 ». ; Wis. 46 ». 

Wheat, j 60 lb. in all except Conn. In Conn. 66 Uf, 

Peas, Beans , and Potatoes are nsnally weighed at 60 lb. to the bnsheL 
196 lb. Flour make a barreL 200 lb. Pork or Betf make a barrel. 

1. How many ounces in i lb. of butter? In } lb. f In 
i lb. of gold ? In i ZJ. of silver ? 
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2. On the common grocer^s scales what part of a pound 
iB^ozJ 4:0zJ 12 ozJ 

3. How many oz. in 5 lb» of sugar ? In 5 lb. of gold ? 

4. How much does a barrel of water weigh, if 1 pt. 
weighs 1 lb. f How much a gallon ? 

5. In a certain hay field there were 1250 heaps which 
would average 86 lb. each. How many tons in the field ? 

6. How many barrels of pork will be cut from 120 hogs 
which average 176 lb. each ? Ans., 106 bbls. 

7. How many barrels of flour will be made from 2160 
hi. of wheat, if it yield 40 lb. to the bushel ? 

8. How many scruples in 10 drams ? How many grains 
in 3yij? In 3v? In liij? 

9. In gr. xxxij how many scruples ? 

10. A man ordered a 3 oz. gold watch-case ; but when 
it came it weighed only 67 pwt. How much did it fall 
short of the required weight ? 

11. How much will a gold watch-case weighing 2|^ oz. 
cost, at $0.90 per pwt. and $20 for making ? 

12. In Michigan, how many bushels of wheat in a ton ? 
How many in Minnesota ? In Iowa ? In Connecticut ? 

13. How many bushels of barley in a ton in Illinois ? 
In Kentucky ? In California ? 

14 What cost 16 lb. 12 oz. of butter at 32 c. per lb. f 
Klb.S oz. f 10 lb. 7 oz. f How much is the butter per oz. f 

207. The denominations of like name in Troy and 
Apothecaries weights are the same, but the Avoirdupois 
pound is heavier, whereas the ounce is lighter, than the 
pound and ounce of the other weights. The Troy pound 
is 22.79 cu. in. of water, and the Avoirdupois pound is |3f 
times as much, or 27.69 cu. in. of water. A pint of water 
(28| cu. in.) is a little more than 1 lb. Avoirdupois. 
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The only difference between the Troy and the Apothecaries tables 
is in the subdivision of the ounce. In Troy weight there are two 
subdivisions — pennyweights and grains — ^whereas in Apothecaries 
there are 3— <irams, scruples, and grains ; but in each, 480 grains 
make an ounce. 7000 Troy grains are equal to a pound Avoirdupois. 

15. How many grains are equal to an ounce Avoirdu- 
pois ? How many to an ounce Troy or Apothecaries ? 

A Troy ounce is about 1^^ as heavy as an Avoirdupois ounce. 
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208. The denominations of time are Seconds {sec.)^ 
Minutes {min.), Hours (An), Days {da,)^ Weeks {wk.)^ 
Months {ino.)j Years {yr.), and Centuries (Cen.). 

209. Table. 

60 sec. = 1 min. 
60 min. = 1 hr. 



24 hr. := 1 da. 

K da. =1 wk. 

365 da. = 1 common yr. 

366 da. = 1 Leap yr. 
100 yr. = 1 Cen. 



In Computing Interest, 30 da. = 
1 mo. For many purposes 4 wk. 
are called a month 

Of the 12 Calendar Months 
which make up the year, Sep- 
tember, April, June, and Novem- 
ber have 30 da. each. All the 
others except February have 31 da, 

each. In common years February has 28 da., in Leap Year 29 da. 

What two exceptions are there to the law that each alternate 

month has 31 days? 

210. Every year whose number is divisible by 4, except 
the centennial years which are not divisible by 400, is a 
Leap Tear. 

Thus 1840, 1844, 1880, 1876, 1600, 1200, 2000, are leap years. 
1561, 1842, 1883, 1500, 1100, 1900 are not leap years. 

The reason for Leap Tear is this : A year is the time it takes the 
earth to go around the Sun. But this Is a little more than 365 days. 
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Instead of reckoning this part of a daj, it is neglected, and a whole 
daj is added to the year every 4th year (in general). But as this is 
a little too much, the centennial years (in general), although they 
are the 4th years, are reckoned as common years (365 da.). But 
this again is rejecting too many leap years: so that every centen- 
nial year which is divisible by 400 is made a leap year. With this 
correction the error does not amount to a day in 100,000 years. 

1. How many seconds in ^ a minute ? In } of a min- 
ute ? In 2 min. f In 10 min, f In 2 J min. t 

2. How many minutes in i an hour ? In J an hour ? 
In fan hour? Inli hr.f In dhrJ InSfAr.f 

3. What part of a day is 12 hr. f 6hr.f Ihr.f 6 hr.f 

4. How many days in 48 hr. f In 36 hr. f In 80 Hr.f 

6. How many whole weeks in a common year ? How 
many days over ? From this how does it appear that any 
particular date in such years, as July 4th, falls one day 
later in the week in each succeeding year ? 

6. Show that from Mar. 1st of Leap Year, to Mar. 1st 
of the following year, dates fall two days later in the week 
than the corresponding dates of the preceding year. 

7. What months of common years begin on the same 
day of the week ? Why ? What of Leap Years ? 

8. If Jan. 11th is Tuesday, what is Feb. 11th ? Why ? 

9. If Apr. 6th is Saturday, what is May 6th ? Why ? 

10. K May, June, or Aug. 1st, of a common year, falls 
on Sunday, show that no other month of that year begins 
on Sunday. How is this in Leap Year ? 

11. To-day, Apr. 17th, is Saturday, on what day of the 
week does the 4th of July fall this year? 

12. Point out the leap years in the following: 1540, 

1320, 1000, 800, 560, 2100, 2290, 2400, 1875, 1876, 1877, 

1878, 1879, 1880, 1881, 1882, 1883, 1900. 
10 
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14. How many days in May, August, and October to- 
gether ? In June, December, and September ? In Feb- 
ruary and March in 1876 ? In 1878 ? 




CIBCULAR OR ANGULAR MEASURE. 

211. A Degree is -^ part of 
the circumference of a circle, or an 
angle measured by this part of a 
circumference^ and is designated 
thus \ 

In the figure from A to a is 10 degrees, 
written 10°. Prom A to & is 20% and the 
angle BOC is an angle of 20*". From A 
to din 45% and the angle BOD is an angle q 
of 46°. A quarter of a circumference, or 
a right angle, is 90°. 

212. A Minute (as circular or angular measure) is 
^ part of a degree, and is designated thus '. 5 minutes 
of this measure is written 6'. 

213. A Second (as circular or angular measure) is 
■^ part of a minute, and is written 1". 12 seconds is 
written 12". 

N. B. — ^It will be observed that a degree 
circular measure is not a definite length ; 
thus a degree on the circumference of the 
earth is about 69| miles, but a degree on 
such a circle as the one in the last figure is 
so small that we could not see it. But a 
degree as the measure of an angle is a defi- 
nite thing. Thus if we draw an angle equal 
to i a right angle, and then strike a circum- 




AngUqf^ 



CIRCULAR OR ANOtlLAR MEASURE, 219 

ference with the vertex of the angle as a centre, there will be 45° 
of the circumference included between its sides whether the circle 
be large or small. 

The teacher shovJd gi/oe the pupil exercises in guessing at the size 
of angles as expressed in degrees, until a definite conception is secured, 

214. Table of Circular or Ang^ar Measure. 

60'' = 1', 60' = 1°, 90° = 1 Quadrant or Eight Angle. 

215. A Geographic or Nautical (marine) mile is 1' of 
the equator, or about 1^ common miles. 

216. Degrees of Latitude being distances north or 
south of the equator, and measured on equal circles (great 
circles which pass through the poles), are nearly equal ; * 
but degrees of Longitude vary from 69^ miles at the 
equator to at the poles. In the latitude of Ann Arbor, 
Mich., a degree of longitude is 51.1 miles. At 60° latitude 
a degree of longitude is 34.53 miles. 

1. How many minutes in 2° ? In 1^° ? In In 10° ? 
In .5 of a degree ? In .3 ? 

2. How many degrees in 240' ? In 580' ? In 200' ? In 
1260' how many degrees and decimals of a degree ? 

3. How many seconds in ^ a minute ? In .75 of a 
minute ? In .25 of a minute ? 

4. On a circumference which is 1800 ft, in length 
(around), how long is a degree ? A minute ? A second ? 

5. The circumference of a circle is 3.1416 times its 
diameter (nearly). Show that a degree on the circum- 
ference of the earth is about 69^- miles, the radius of the 
earth being 3962 miles. 

* In conseqaence of the flattening of the earth at the poles, degrees of latitude 
are not absolutely equal. A degree of latitude at any place is ^^ part of the cir- 
cumference of a circle which has the same curvature as the meridian at that 
place. 
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LONGITUDE AND TIME. 

217. As the sun appears to pass around the earth 
from east to west, and as the hours of the day are deter- 
mined by its position, a4y given, hour comes to a place at 
the east before it does to a place at the west; thus it is 
noon at New York before it is noon at Detroit, Mich. 
Hence when it is noon at Detroit it is past noon at New 
York. In like manner, when it is noon at Detroit it is 
before noon at Omaha, Neb. 

Principle. 

218. When it is any given hour of the day at any given 
place, it is Later at places Eastward and Earlier at places 
Westward. 

219. To ascertain just how great this Difference in 
Time is, we have only to consider that as the sun appears 
to go around the earth, that is, passes over 360° of longi- 
tude, in 24 hours, in 1 hr, it passes over 360 -^ 24, or 15° 
of longitude. Then 1° of longitude makes a diflFerence of 
1^ of 1 hr. (60 min.)f or 4 min. in time. And 1' of longi- 
tude makes a difference of ^ of 4 min, (240 sec.), or 4 sec. 
in time. 

220. Table of Longitude and Time. 

16° Longitude make 1 hr. diff. in Time. 
1° Longitude makes 4 min. diff. in Time. 
1' Longitude makes 4 sec. diff. in Time. 
1. Adrian, Mich., is in 84° west longitude, and Fort 
Kearney, Neb., is in 99° west longitude. When it is 9 
o'clock A. M. at Adrian, what time is it at Fort Kearney ? 
When it is noon at Fort Kearney, what time is it at 
Adrian ? 
How many degrees toest of Adrian is Port Eeamej? 
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2. New York City is in longitude 74° west, and San 
Francisco in 122|^° west. What is the difference in time ? 
When it is 6 A. m. at New York, what time is it at San 
Francisco ? When it is 4 p. m. at San Francisco, what 
time is it at New York ? Answer to last, 7:14 p. m. 

3. In the latitude of Ann Arbor, Mich., 51.1 miles 
make a degree of longitude. Detroit is 38 mi. east of 
Ann Arbor. What is the difference in time ? 

Detroit is ff^ of a degree east of Ann Arbor ; hence the difference 
in time is 4 times fff , or abont 3 mm. More accurately, 2 min, 
58.4 sec, 

4. What is the difference in longitude between two 
places whose difference in time is ^ an hour ? 

Every 4 ndn. in time makes how much difference in longitude? 
Every 4 Ar. in time makes how much difference in longitude ? 

6. What is the difference in longitude between two 
places whose difference in time is 3^ hr, ? 2^ min, f 2 Ar. 
15 min. 20 sec. ? 

2 Ar. make S0° diff. in long. ; 15 rrdn. make 1° diff. in long. ; and 
20 sec. make 5' diff. in long. Ans.y 31° 5'. 

221. Knowing the difference in Vmgitude between two 
places, how do you find the difference in time f 

Require the pupils to torite out a rule. Several different ones can 
be made. Encourage pupils to make thenu 

222. Knowing the difference in time between two places, 
how do you find the difference in longitude f Write rules. 

223. Knowi7ig the distance in miles between two places 
in the same latitude, and the length of a degree of longitude 
at that latitude, hoto do you find the difference in time f 
Write rules. See Ex. 3. 
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224. What is the converse of the last question f Write 
it and the rule for solving it. (See bottom of page 183.) 

6. New York being in Longitude 74° west and New 
Orleans in 90° west, when it is 2 p. m. at New York, what 
time is it at New Orleans ? When it is 11 a. m. at New 
Orleans, what time is it at New York ? 

Afiswers, 56 min. past noon, and 4 min, past noon. 

7. What is the difference in time between Chicago, 87° 
37' 37" W. Long., and Cincinnati, 84° 27' W. Long. ? 
When it is 5 p. m. at Chicago, what is the time at Cincin- 
nati ? When it is 8 a. m. at Cincinnati, what time is it at 
Chicago ? 

8. The difference in time between two places being 1 hr. 
22 min. and 32 sec.^ what is the difference in longitude ? 

1 hour in time makes 15° in longitude. 20 min, make 5°. 152 see, 
make 38^ Hence 1 hr, 22 min, 32 sec, in time make 20° SS^ in lon- 
gitude. 

9. A telegraphic signal given from Washington, D. C, 
at 3:20 P. M. was received at St. Louis, Mo., at 2;27 p. m. 
The longitude of Washington being 77° 0' 15", what is 
that of St. Louis ? 

10. The difference in time between Buffalo and Cleve- 
land being 11 mm., what is the difference in longitude ? 

11. Boston, Mas&, and Ann Arbor, Mich., are in about 
the same latitude ; and the difference in time is 51 min. 
At this latitude 51.1 mi. make a degree of longitude. 
What is the distance in a direct line from Ann Arbor to 
Boston ? Ans.y 651.525, or about 651^ mi. 

12. Berlin, Prussia, is in longitude 13° 23' 53" E., and 
Boston is in longitude 71° 4' 9" W. When it is 4 a. ic at 
Berlin, what time is it at Boston ? 
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13. Annapolis, Md., and Cincinnati, 0., are both in lat- 
itude 39° N. (nearly). On this parallel a degree of longi- 
tude is 53.47 mi. ; and the distance between the places is 
422.413 mi. What is the difference in time ? 

14. The difference in time between Logansport, Ind., 
and Omaha, Neb., is 39 min. ; and the distance between 
them is 609 mi. How many miles make a degree of 
longitude at this latitude P 

15. In the latitude of Milwaukee, Wis. (43° 2'), 50|^ mi. 
make a degree of longitude. How far east or west of 
Milwaukee do you have to go to make a difference in time 
of 15 min. ? of 20 min. ? Of ^ an hour ? Prairie du 
Chien has the same latitude. A man's watch being set to 
Milwaukee time he found it 13^ min. fast at Prairie du 
Chien. How fer is it in a direct line from one place to 
the other ? 

16. The difference in time between Detroit and Chicago 
is 19 min. If my watch is set to Chicago time, how will 
it compare with Detroit time ? The longitude of Detroit 
is 82° 58' west. What is the longitude of Chicago ? 



225. Of Paper 24 Sheets are called a Quire, 

20 Quires '' '' a Beam, 
and 2 Beams ^^ ^^ a Bundle. 

226. In Counting, 12 Things are called a Dozen, 

12 Dozens " " a Gross, 

12 Gross " a Great Gross, 

and 20 Thing^s are called a Score. 

1. How much does a quire of paper cost when we pay 
$2.50 per ream ? 
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2. At 20 c. per quire, what cost ^ a ream of paper ? 

3. At 60 c a ream, what cost 2 bundles of paper ? 

4. At 11.50 for a \ ream, what cost } of a quire of 
paper? 

5. At 6 c. per dozen, what cost 84 screws ? 

6. How many eggs in 30 dozen ? 

7. How many score in 100 ? 



SECTION n. 

REBTJCTIOJ^. 



227. Seduction of Denominate Numbers is the pro- 
cess of changing the denomination in which a number is 
expressed without altering the value represented by it. If 
the change is from higher denominations to lower, the 
reduction is said to be Descending ; if firom lower to 
higher, Ascending. 

1. In 4 yd. 2 ft. 9 in. how many inches ? 

Operation. Explanation. 

4 yd. 2Jt.9 in. Since 8 ft. make a yard, in any number of 

3 yards there are 8 times as manj feet as yards. 

14 ft. Hence in 4 yd, there are 3 times 4« or 12 ft,, 

_12 ^tich with the 2 ft. make Uft. 

177 in. 

Since 12 in. make a foot, in any number of feet there are 12 times 
as many inches as feet. Hence in 14 ft. there are 12 times 14, or 1 68 in,, 
which with the 9 in. make 177 in. Hence 4 yd. 2/f. 9 in. are 177 in. 

Is this reduction descending, or ascending? Why? 

2. In 5127 pt. of water, how many barrels, gallons, 
quarts, and pints: or reduce 5127 pt. liquid measure to 
the higher denon^ination^ of that niea^ure? 
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Operation. Explanation. 

2 ) 5127 pt. Since every 2 pt. make a quart, in 5127 pt. 

4 ) 2563 qt. 1 j^, there are as many quarts as 2 is contained 

640 gal. 3 qt, times in 5127, i. 6., 2563 qt. and 1 p^. 

31.5 ) 640.0 ( 20 m. |-Lg^ ^^^ p^pj^ g^ ^^^ ^j^g explanation.] 

"loo ^o^. •*• 51^*^ 1^*- = ^^ ^- ^^ ^^- 3 g«. 1 1>«. 

To Reduce Denominate Numbers. 

228. Bule.— Beduction Descending is performed 
by beginning with the highest denomination given, multi- 
plying this by the number which it takes of the next lower 
to make one of this higher, and adding to this product the 
given number of this next lower denomination. Reduce 
this sum to the next lower denomination in a like manner, 
and add to the result the given number of this lower. 
Proceed in this manner till the denomination required is 
reached. 

11. Reduction Ascending is performed by dividing 
the given number by the number of this denomination 
which it takes to make one of the next higher denomina- 
tion^ and treating the quotient thus arising in like manner, 
proceeding thus till the desired denomination is reached.* 



Examples for l^actice. 

Each of the following will afford an exercise for both 
forms of reduction : 

\.Zda.hhr.Yl min. = 278220 sec^f 

* It is Bcarcely expedient to give an abstract demonstration of a rale so 
mechanical as this. In foct, the author has doubts about the expediency of 
giving the rule at all. Be careftil, however, that the rationale of the process is 
understood, and can be given with ease and elegance. 

t These examples should be assigned in both ways, each making two ezam> 
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2. 442^^. = 6 Jw. 3jt?*. 6 qt. 

3. 6 gal. 3 qt. 1 ^^. = 56 pt. 

4. £32 125. 10(Z. = 7834rf. 

6. 8 lb. 6 (?;?. 12 ^w^. 16 gr. = 49264 ^rr. 

6. 1 yj. 3 iij. 3 j. = 164 «c. 

7. 78692 jrr. = 13 lb. 7 o«. IS pwt. 20 grr. 

8. 6382 oz. (avoirdupois) = 33 cwt. 6 lb. 6 0& 

9. 78562 cu. ft. = 613 cd. 98 e?w. /if. 

10. 4268 sq rd. = 26.675 A. 

11. i of a JW. = 189 pt. 

Suggestion. — This should be solved thus : 

fx^x/<xji = 189. 

Why is I miQtiplied by ^ ? Is this quite in accoidanoe with the 
rule (227)? 
The converse process is thus performed 

189 ^ oil . 189 y _2 _ 8 

Does this process differ from that given in the rule (227) ? * 

12. 4i cords = 608 cu.ft. 

13. I gal. = 5-1^ pt. ipt' = -^ gal. 

14. 2 A. 110 sq. rd. = 430 sq. rd. 

15. 6875988 cu. in. = 31 cd. 11 cu.ft. 276 cu. in. 

16. 12 bbl. 19 ^aZ. 2 g/. = 3180 pt. 

17. 368j9^.= 5}tt. 3j9>fc. 

18. 30630 min. = 21 da. 6 hr. 30 min. 

19. 172800" = 48°. 



pies, one in rednction deecendlng and one in reduction ascending. Thus this 
one will he given : " Express 3 da. 5 hr. 17 min. in seconds ; " and again : *^ Ex- 
press 378290 sec. in days, honrs, and minntes." In assigning them for work on 
the hlack-hoard the two examples may he assigned to two students standing 
together, and thus one will *'*■ prove ^^ the other's work. 

* It should he the aim of the teacher to show that we need no specM roles for 
reduction of denominate IhictiQiiB, 
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20. 17 sq.ft. 27 sq. in. = 2475 sq. in. 

21. 75288 gr. = 13 lb. 11 pwt. 

22. 3.25 ^ra?. = 26^^. 

Does the process by which we perform this oonstitiite an excep- 
tion to the general rule (227) ? 

23. 12 /if. 9 in. = 12.75 ft. 

How are inches reduced to feet ? 9 -i- 12 = what decimal ? Does 
this process constitute an exception to the role (227) ? 

24. 3 in. = .083| yd. 

How are inches reduced to feet ? How are feet reduced to yards? 
3 -f- 13 = .25. .26 -i- 3 = .083^. 

25. £4.67 = £4 13s. 4rf. 3.2/flr. 

How is the £ .67 reduced to shillings ? How is .4», reduced to 
pence? 

26. -gV wh. =lda.l6 kr. 12 min. 

iVx7 = lif. i|x?1f = 15i 1x60 = 12. 

6 

.'. ^ wk. = 1 da. 15 hr. 12 min. 

13H-60 = i 15i-24 = ^H-|V = {f. liA^7 = 

To "^ • ^^ TnT' 

N.R — Let the pupil trace this work till he sees clearly that the 
processes form no exceptions to the general rules for reduction. 

27. .475° = 28' 30". 

28. 3iv 3ij = iV oz. 

29. .345 of a bbl. of flour = 67 lb. 9ff oz. 

30. 16 lb. 8 oz. = .275 bu. of wheat, or ^ bu. 

31. 43 rd. 11.7 in. = .13456 mi. +. 

32. I oz. = 16 pwt. 16 ^rr. 

33. I &w. = 3 i^*. 1 g^. 1| pt. 

34. 213 rrf. 1 yd. 2^ ft. = f mi. 
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35. A pile of wood 4 //. loDg, 3 ft. high, 4 ft. wide = 
\cd. 

36. 1 ix 3 j 3ij gr. viij = .76875 Jb. 

37. 3 U. 10 oz. Troy = 3 2A. 2^ oz. AToirdnpois, nearly. 

38. 528 chains = 6 mi. 192 rc^. 

39. 2f mi = 220 cA. 

40. 3 ch. 4 tt. = 200.64 ft. 

41. 2^A. = 26 sq. ch. 

42. A lot 12 cA. 24 Ik. by 15 cA. 40 /*. = 18.8496 A. 

12.24 X 15.4 -I- 10 = 18.8496. 

43. 3A. = 3000 sq. Ik. 

44. A lot 81 ch. 52 Ik. by 34 cA. 2 ZA. = 277.3 ^. +. 

45. 756 cu. ft. = 1306368 cu. in.y or 5.9^ cd. 

46. .24 &tt. wheat = 14 W. 6.4 oz. 

47. 75 «(/. rdf. 12 sq. yd. 4 sg. ft. = 20530} ^y./i^. 

48. 165888 cw. tn. =} cd. 

49. 8410 Z*. = 1 mi. 4.1 cA., or 1.05125 mi. 

50. 24^ ». = I 6 JZ. flour. 

51. 5/3 36TTl=.7/l. 

52. .008 mi. = 2 rd. 9.24 ft. 

53. $68 = 680 d. = 6800 c^. = 68000 m. 

54. 3256 m. = 325.6 c^. = 32 eZ. 5 c. 6 m. = $3,256. 

55. 1250 fr. = $241.25. $10 = 51 fr- 81 <^- + 

56. 5 Nap. = $19.30. $100 = 25 n»p. 18 *• 13 c +. 

57. 5 fathoms = ft. f 256 ft. = fathoms ? 

58. 2 mi. 34 rd. 3 yd. = yd. f 

59. 2000 yd. = mi. f 

60. 1 mf. = yd. ? 40 r^?. = yd.f 

61. 100 yd. = rrf. ? | yd. = what part of a rd. f 

62. A lot 5 rd. by 8 = what part of an acre ? 
^^. 3} A. = sq. yd. f 5 sj* ^^« = -4. f 
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64 A lot 7.21 ch. by 3.40 ch. = 2.4514 A. 

65. 5 A. 110 sq. rd. 1 sq. yd, = 5.6877 A., very nearly. 

66. I erf. = — cu. ft f 12 cw./jf. = what part of a cd. f 

67. 5 erf. 1^ cu.ft. = cw. ydJ 

68. 1376 cw. yrf. = 290^ cd. 1 cu. yd. = cd. t . 

69. 3 bbl 20 gal = qt. f 

70. 4000 qt. = 31 bbl 23^ ^aZ. = 31|| bbl 

71. 10 ^rai. 3 qt. 1 pt. = 43.5 qt. 

72. 126| y^. = 31 gal 2 j^. 1^ j9^. = 1 bbl H pt. 

73. 43 qt. = 52>k.3 qt, or 5| pk. 

74. ^ bu. =6ipt. 

75. 3.416 Sw. = 3 Jw. 1 pk. 5^ 5^^. nearly. 

76. 2 Jw. 3 i?*. 5 qt. l^pt. = 187.5 J5^. 

77. 1 bu. 1 ^fc 1 qt. 1 j9^. = How many pecks ? 

78. 2 JW. 15 flraZ. 110^^?^. = 91.78125 gcd. 

79. 5287 qt. = bbl gal qt. pt. f 

80. 786 gal = pt. ? 

81. 4 lb. 8 o;2. 12 ^m;^. 16 gr. = 27184 ^r. 

82. 3 lb. 10 Oi?. 20 gr. = 46tj«|- Oi?. 

83. 342| oz. = 28 lb. 6 o;^. 8 j9W^. 

84. 1 T. 13 cw^. 58 lb. = 3358 ». 

85. 7129 lb. = 3 r. 11 cwt. 29 lb. 

86. 7129 ». =■ 3 r. 3 cwt. 73 Z5. U. S. Customs weight. 

87. 52 rd. 4 yd. 2 ft. =m mi. 

88. Irfj^ bbl = 34t gal 1 pt. 

89. 2 Ar. 52 min. 48 sec. = -^ da. 

90. -dhr *w- = A i^^- 

91. 11 da. = ^ mo. = -gVo^ yr. in computing interest. 

92. 2 TWO. 13 da. = .2028 — yr. in computing interest. 

93. 2 yr. 5 iwo. 7 da. = 2.436 yr. — , as above. 

94. 11 yr. 10 mo. 21 rfa. = 11.89 yr.+, as above. 

95. 4 yr. 10 wo. 24 da. = 58.8 mo., as above. 
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96. 3.725 yr. = 3 yr. 8 mo. 21 da.y as abore. 

97. 7 mo. 6 da. = .6 yr., as above. 

98. 1 yr. 8 mo. 12 eto. = 1.7 yr., as above. 

99. 1 yr. 4 wo. 24 da. = 1.4 yr., as above. 



SECTION in. 

ADDITIOJ^. 



1. There are three casks which contain 2 gal. 3 j^^. 1 pt.y 
5 graZ. 2 qt. IJ ^i^., and 4 gal. 1 g'^. IJ j9^. How much do 
they all contain ? 

How many pints are 1}, 1^, and 1 ? How many quoHs does this 
make? % qt.,lqt,y% qt. and 3 qt. make how many quarts? How 
many gallons does this make, and how many quarts over ? 2 gal,, 
4 gal., 5 gal., and 2 gal., make how many gallons? 

2. There are 5 pieces of rope whose respective lengths 
are 2 yd. 2 ft. 3 in., 4 yd. 1 ft. 7 tn., 3 yrf. 2 ft. 5 m., 5 yrf. 
2 ft. 10 iw., and 3 yd. 2 /^. What is the entire length ? 

Operation. 

Explanation. — We write numbers of the 
same denomination in the same colunm, be- 
cause such are more conveniently added to- 
gether. We then begin the addition with the 
lowest denomination, because we can thus tell 
whether there will arise any of the higher 
denominations from adding the lower, and if 
there does can add it in with the higher denominations as we go 
along. [Were we to commence with the highest denomination we 
should have to revise our results after having added all the columns. 
Let the pupil try it.] 
In this example the sum of the inches colunm is 25 in. = 2 ft. 



2 yd. %fi. 


din. 


^yd. I ft. 


1 tn. 


Zyd. 2 ft. 


6 in. 


5 yd. 2 ft. 


10 in. 


3 yd. 2 ft, 




20 yd. 2 ft. 


1 in. 
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1 in. The sum of the feet column together with the %ft, from the 
inches column, is lift, =Byd,2ft, The sum of the yards column 
together with the 8 yd, from the feet column, is 20 yd. 

To add Compound Numbers. 

229. Sule* — Write the numbers so that like denomi- 
nations shall stand in the same column. Beginning with 
the column of the lowest denomination, add it and find 
how many of the next higher the sum makes, reserving this 
number in mind, and writing the remainder of this sum 
under its own column. Add the next higher column to- 
gether with what arose of this denomination from the 
preceding column, and treat the sum as before. Proceed 
in this manner till all the columns are added. 

Pupil give the reasons (Demonstration) in order. He is to 
tell, 1. Why we write the numbers as the rule directs. 2. Why 
we begin with the lowest denomination. 8. Why we reduce the 
several sums to the higher denominations. (See " Explanation " 
above.) 

3. • What is the amount of £105 Is. 2d. 3fr., £218 Us. 
5d. 2/r., £199 175. M. 2/r., and £77 18s. 3d. 3fr. f 

Ans., £601 Ss. 9d. 2/r. 

4. What is the sum of 8 lb. 1 xj 3 vj 3ij, 9 lb. § x 3 vij 
3 j, 4 lb. 1 vij 3 iij 3h 17 ^*- ! ™j 3 iij 3j, and 45 lb. 
I xj 3 iij 3 j ? * Ans., 87 lb. | ij. 

5. What is the sum of 10 rd. 3 yd. 1ft. 7 in., 7 rd. 2 yd. 

2 ft. 5 in., 3 rd. 4 yd. 1 ft. 9 in., 5 rd. 2 yd. 1 ft. 10 in., 
and 13 rd. 4: yd. 11 in. f Ans., 41 rd. 1 yd. 1ft. 

6. What is the sum of 145 bu. 3 pk. 1 qt., 163 bu. 1 pk. 

3 qt., 275 bu. 2 pk. 7 qt., 45 bu. 3 pk. 6 qt., and 73 bu. 1 pk. 
5 qt. f Ans., 704 bu. 6 qt. 
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7. What is the amount of £13 175. lid. 1/r., £22 14«. 
9rf. 1/r., £37 185. 6rf. 3/r., and £46 13^. 7df. 2/r.f 

Jw5., £121 4«. lOrf. 3/r. 

8. A silversmith bought of A 3 lb. 9 oz. 14 ;?w^. 16 ^r. 
of silver, of B 9 lb. 11 oz. 17 ;?w?^. 18 grr., of C 1 lb. 
8 (?i?. 19 pwt. 21 ^r., and of D 3 lb. 7 02;. 12 /?w^. 16 gr. 
How much silver did he buy ? 

Ans.^ 19 lb. 2 Oiz;. 4 piot 23 ^^r. 

9. What is the amount of 45 cd. 23 cu. ft. 25 cu. in., 
273 erf. 75 cu. ft. 684 cw. m., 97 cd. 18 cw. /if. 384 cu. m., 
250 cd. 64 cu. ft. 197 cw. in.y and 264 erf. 84 cu. ft. 848 
cw. w.? Ans.y 931 erf. 9 ew. ft. 410 ew. iw. 

10. What is the sum of 86 sq. yd. 7 sq. ft. 46 sq. in.^ 
245 sq. yd. 8 sg^. /?. 89 sq. in.y and 265 sq. yd. 7 5j^. /Jf. 
128 sq. in. f Ans., 598 sq. yd. 5 55'. /f. 119 sq. in. 

11. What is the amount of 5 bbl. 20 gal. 3 5^^. IJ pf., 
7 &&Z. 25 gal. 2 gr^., 28 ^raZ. 1 qt., 3 S6i 30 gal. li pt., 2 j^. 
1|^/., 13 ^ra?., 2 g^. l|y^.? 

Ans.f 18 SS?. 24 yaZ. 3 qt. ipt. 

12. What is the sum of | of a bushel, 2.64 pecks, .5 bu., 
12| qt., lOi^^*., and 320^^., in bushels ? 

Ans., 9.92875 bu. 

13. What is the sum of 8 yd. 2 ft., 76i ft., 2005 in., 
4.35 yd., 28f ft., 3f yrf., .25 ft., and 226 /Z. in rods f 

Ans., 33.168 -f rrf. 

14. Mr. E. Jones owned 1 J sections of land in one town- 
ship, 80 acres in another, a quarter section in another, a 
40 acre lot in another, and a piece of land 40 rods by 40 
chains in another. How much land had he in all ? 

Ans., 2 sections. 
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SECTION IV. 

SUBTBACTIOJ^. 

1. From 3 lb. 8 oz. 16 ptot.^ subtract 1 lb. 3 oz. 12 ptot. 
17 gr. 

Operation. Explanation. — We wiite the denom- 

ZJb 8 0e 16 mot inations of the subtrahend under like 

llb.Zoz. 12 pwt, 17 gr, denominations in the minuend, because 

r-TT— : — it is more convenient to subtract a num- 

ber of any denomination from another 
of like denomination. We begin to subtract at the lowest denom- 
ination, so that if there should chance not to be as many of any 
particular denomination in the minuend as in the subtrahend, we 
can take one from the next higher denomination in the minuend, 
and put it with the number in this deficient denomination. Thus 
in this example there are no grains represented in the minuend ; 
but we can take one of the 16 ptot, which makes 24 gr., and sub- 
tracting 17 gr. from it, have 7 gr. left. Then 12 pwt from 15 ptot. 
leaves 3 pwt., etc. 

2. From 14 bu. 3 ph. 4 qt 1 pt. subtract 8 bu.d pk. 
7 qt, Ans., 5 bu. 3 pk. 5 qt. 1 pt. 

To Subtract Compound Numbers. 

230. Sule. — Write the subtrahend under the minuend 
80 that its denominations shall fall under the correspand- 
ing denominations of the minuend. Begin with the lowest 
denomination, and take the number represented in each 
denomination of the subtrahend from the number in the 
corresponding denomination in the minuend, and write 
the remainder underneath. If the number in any de- 
nomination in the minuend is less than the corresponding 
number in the subtrahend, take 1 of the next higher 
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denomination of the minuend in which there are any^ and 
reducing it to this lower denomination and uniting it with 
what there may be in this denomination, perform the sub- 
traction. Observe when passing to the higher denomina- 
tions how much remains in them, 

3. Prom £10 12s. Hd. take £6 Ss. 6df. 

4. Prom £17 Os. dd. take £9 10s. 6d. 

Operation. Explanation. — As 5d. can not be taken from Sd., 

£17 09 M ^® ^^^ ^^ ~ ^^^'* ^^^ taking 1 of the 2(k., which 
£ 9 109 5(2 makes 12(2., subtract 5(2. from 12 + 3(2., or 16(2. Then 
— — — — — — we have 10«., which we subtract from the 19*. re- 

maining of the £1. Finally we take £9 from £16. 

5. From 10 bu. 3 pL 4 qt. take 4 &w. 1 pk. 2 pt. 

6. From 1 bu. 1 pk. 1 qt. take 2 pk. 1 qt. 1 pt. 

7. From ^ bu. take 3 qt. and 2 pt. Rem., 1 pk. 4 qt. 

8. From 5 bbl 24 gal. 2 qt. take 1 bbl. 27 gal. 3 qt. 

Bern., 3 AJt 28 gal 1 qt 

9. From 4 ZJ. 8 oz. 12 pwt. take 2 ZJ. 6 oz.n gr. 

Rem., 2 Z&. 3 oz. 11 j9?^^. 7 gr. 

10. From 1 Z&. take 15 pwt. 20 ^rr. 

Rem., 11 02;. 4 j9w^. 4 gr. 

11. From 5 mi. 100 rd. 12 ft. take 2 mi. 30 rei. 15 /jf. 

i2e?/i., 3 mi. 69 rrf. 13 /if. 6 ifi. 

12. From 27 A. take llOJ .^j. reZ. 

Rm., 26.3109375 A. 

13. From 2J cords take 120.32 ct*. ft. 

Rem. 1.56 cords. 

14. From 5 yd. take 5y?. Rem., 3^ yd. 

15. FroDfi 2 r. 12 c«^^. take 3420 lb. 

Rem., 17 cw^. 80 lb. 

16. From ^ a section take 51 A. 45 sq. rd. 
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17. Prom |vij 3iij 3j take |iij 3v 3ij. 

R&m., |iij 3v 3ij. 

18. Sold from a barrel of molasses 10 gal, 3 qt. 1 pt 
How much remained ? 

19. From the sum of 3 lb, 13 oz,, 2 lb. 5 oz., and 6 lb. 
11 Oi?., take 12 lb. 10 (?2j. 

20. From J yd. take 7 iTi. 



To Find the Time between Two Dates. 

231. There are several methods in use for estimating 
the time between two dates ; of these we shall consider 
two. 

1. To find the exact time ; 

2. To find the time as commonly reckoned in com- 
puting interest, that is, reckoning 30 days as a month, and 
12 months as a year. 

1. What is the exact time in days between Jan. 12th, 
1856, and May 15th, 1874 ? 

Solution.— Between Jan. 12th, 1856, and Jan. 12th, 1874, are 1874 
— 1866 = 18 yr., in which there are 5 Februaries containing 29 days 
each.* Hence in these 18 yr. there are 365 x 18 + 5 = 6575 days. 
Then from January 12th to May 15th, 1874, there are 19 + 28 + 31 + 
30 + 15 = 123 daysB. Therefore there are in aU 6575 + 123 = 6698 
days between these dates. 

2. What is the exact time in days between Apr. 5th, 
1860, and Nov. 24th, 1875 ? Ans.y 5711 days. 

3. Beckoning 30 da. a month, and 12 mo. a year, what 
is the time between Aug. 17th, 1871, and Feb.- 3d, 1875 ? 



* Tbat iB, those in the Leap Tears 1856, I860, 1864, 1868, and 187S* 
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Operation. Explanation. — The later date (larger 

1875 jfr-2 mo. 3 da. number) u the 1875th year, 2d month, 

1871 yr. 8 mo. 17 da. ^ ^^' '^^^ earlier is the 1871st year, 

— — — — 8th month, and 17th day. These dates 

3 yr. 5 mo. W da. u* ^ j . j- ^.M ^. 

are subtracted as m ordmary subtraction, 

calling 30 days a month, and 12 months a year.* 

Find the time between the following dates, reckoning 
12 mo. a year, and 30 da. a month : 
4. March 16th, 1850, and Dec. 5th, 1871. 
6. Aug. 23d, 1846, and Apr. 2d, 1827. 

6. Dec. 22d, 1620, and Jan. 19th, 1875. 

7. May 5th, 1872, and July 15th, 1873. 

8. Mrs. J. was bom Dec. 5th, 1825. What is her exact 
age in calendar years, months, aud days on the 20th day 
of January, 1875 ? 

Suggestion. — Such a question should be answered by giving the 
entire years and calendar months between the dates, and adding the 
remaining days, considering the month as terminating on the day 
of the month before that from which the time is reckoned. Thus, 
in this case, from Dec. 5th, 1825, to Dec. 5th, 1874, is 49 years. 
From Dec. 5th, 1874, to Jan. 5tb, 1875, is 1 mo., and from Jan. 6th 
to Jan. 20th is 15 days. Hence Mrs. J.'s age is 49 yr. 1 mo. 15 da. 

Note. — This method will frequently give the same result as the 
preceding, but not always. See next 2 examples. 

9. What is Mr. O.'s age March 12th, 1875, he having 
been born July 24th, 1827 ? Ans., 47 yr. 7 mo. 16 da. 

* A Ml explanation of this process reqaires that we nnderstand that the earlier 
date is really 1874 yr. 1 mo. 8 da. after the Christian era, and the later 1870 yr. 
7 mo. 17 da. after the same time. Hence we should 

have --.- 1874 yr. 1 mo. 8 da. 

Bnt it is a little more convenient to take the dates as 1870 yr. 7 mo. M da. 
we are accastomed to name them, and subtract. That 8 yr. 6 mo. 16 da. 

this process gives the correct difference is evident, since 

it is only increasing both minuend and subtrahend by 1 yr. 1 mo., and hence 
leaves the difference the same. 
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10. What is Mary's age Aug. 15th, 1875, she having 
been born July 20th, 1868 ? Am.y 7 yr. 26 da. 

11. What is the eotuct time in days between Sept. 7th, 
1873, and Dee. 10th, 1875 ? Ans., 824 da. 

12. What is the exact time in days between Oct. 2l8t, 
1858, and June M, 1865 ? Am., 2416 da. 



SECTION V. 

MULTIPLICATIOJ^. 

1. Multiply 5 yd. 2 ft. 8 in. by 7. 

Operation. Explanation, — The multiplier is written un- 

5vd 2 ft 8 in der the lowest denomination of the multiplicand 

7 as matter of custom.* We commence the mul- 

41 vd f ^ 8 in tiplication with the lowest denomination, since 

by so doing we can find how many of the next 
higher denomination any particular product makes, and thus add it 
in with the next product as we pass along. Thus 7 times 8 in. are 
56 m. = 4/f. 8 in. Writing the 8 in. under inches, we reserve the 
4 ft. to he added to the next product. 7 times 2 ft. are 14 ft., which 
with the 4 ft. from the preceding product, make IS ft. = 6 yd. ft. 
Finally, 7 times 5 ^(2. = 85 yd., which with the 6 yd. from the pre- 
ceding product makes 41 yd. Hence 7 times 5 yd. 2fl.S in. are 
41 yd. 8 in. 

2. Multiply 5 lb. 13 oz. by 8. Prod., 46 lb. 12 oz. 

1. Where do you write the multiplier? Why? 

2. Where do you begin to multiply ? Why ? 

8. What do you do with the product arising from multiplying 
any particular denomination by the multiplier? Why? 

Pupil write the rule and the reasons for it ; that is, the BtUe and 
the DemonMration. 

* Any other position in which it conld be Been as easily would do as well. 
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3. Multiply £7 95. bd. by 6. Prod.y £44 16s. 6rf. 

4. Multiply 1 cd. 112 cw./^. by 10. 

Prod., 18 cJ. 96 cu. ft. 
6. Multiply 12 gal. 3 gr^. l pt. by 7. By 100. 

6. Multiply 4 02;. 12 pwt. 21 ^rr. by 16. By 132. 

7. Multiply 17 A. 35 sq. rd. 4 sq. yd. 5 5j^./if. by 23. 

Prod.y 396 ^. 8 sq. rd. 14 «§'. yei. 36 sq. in,, 

8. Multiply 4 m. 110 rd. 17 /if. by 127. By 250. 

9. Multiply 5 da. 15 hr. 13 min. 20 5ec. by 341. 

10. Multiply 10° 12' 14" by 45. By 6. By 13. By 10. 

11. Multiply 3 Ih. I viij 3 ij 3 j by 4. By 12. By 24. 



SECTION VI. 

DiriSIOJT. 



1. Divide 23 da. 15 hr. 51 mi7i. by 7. 

Operation. Ezplanation. — We begin the 

7)23 <Za. 15 hr, 51 min. division with the highegt denom- 

3 (to. 9 hr. 1 min. 17^ sec. ination, since if there is any re- 
mainder it can be reduced to the 
next lower denomination, combined with what is expressed in jihls 
denomination, and the whole sum divided at once. Thus 23 da. -^7 
= Sda. and 2 da. {=43 hr.) remainder. Then 48 hr. + 15 hr.=QS hr., 
which divided by 7 gives 9 hr. 51 min. -^ 7 = 7 min. and 2 min. (or 
120 see.) remainder. 120 ««c.-^ 7 = 17| sec. 

2. Divide 12 lb. 15 oz. by 8. Quot, 1 lb. 9| oz. 

3. Divide 125 bbl. 17 gal 3 qt. by 36. 
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Operation. 

d6 ) 125 m, 17 gal. dqt.{Sm. 15 gal lUqt 
108 

17 bbl. rem. 
31i 



Si Explanation.— Dividing 125 bU. by 86 we 

17 
^•| find the quotient 3 bbl. and a remainder 

17 17 bbl. Reducing this to gallons and adding 

552^ff€U. the 17 gal. in the given number, we have 

??_ 652jt gal. This divided by 36 gives a quo- 

r^ tient 15 gal. and a remainder 12J gal. This 

124^70^ -^ reduced to quarts makes, with the 3 qt. of 

4 the given number, 53 qt. Dividing this by 

60 qt. 36, we have 1 JJ qt, 

_3 qt. 

53 of. 
36 

17 qt. rem. 

To Divide Compound Numbers. 

232. Sule. — L Write the divisor on the left hand of 
the dividend and the quotient underneath the dividend, or 
at its right, according as you divide by short or long 
division. 

IL Beginning with the highest denomination, divide it 
and write the quotient of this denomination in its place. 
Reduce the remainder {if any) to the next lower denomina- 
tion and add to it the number ea^ressed in this denomina- 
tion in the given number. Divide as before, reducing the 
remainder to the next lower denomination. 

Proceed in this manner till the division is complete. 

Demonstration. — The general principle involved in this operation 
is the same as that involved in simple division, viz., the quotient is 
found by dividing the parts of the dividend separately and adding 
the quotients. (See rule for Simple Division and its demonstration.) 

The relative position of dividend, divisor and quotient, is mainly 
matter of custom or convenience. 
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The division is commenced at the left hand in order that the 
several remainders which may arise may be reduced and combined 
with the lower denominations as the work proceeds. 

4. Divide £25 10«. M. by 9. Quot, £2 I65. ^d. 

5. Divide 28 lb. 14 oz. by 6. 

6. Divide 3 lb. | vij 3 iv 3ij by 6. 

7. Divide 20 A. 100 sq. rd. by 10. By 27. By 13. 

8. Divide 6 mi. by 115. ^t^o^., 16 rd. 11 /if. 5^ in. 

9. Divide 1 5JZ. by 22. Quot, 1 groZ. 1 qt. 1-^pt 

10. Divide J a bushel by 7. Quot.y 2 y^. f ^^. 

11. Divide 7} cords by 3. Quot., 2 cd, 74| cw. //. 

12. Divide 5 yd. 1ft. 8 in. by 4. 



13. How many times is 2 bu. 3 ^i. 7 qt contained in 
17 bu. 2 pk. 9 Ans., 5^. 

Suggestion. — Reduce both dividend and divisor to the lowest de- 
nomination in either, and then divide. 

14. Divide 3 bbl. by 6 qt. By 20 gal 2 qt. By 5 gal. 
3 qt. 1 pt. Last Quot.y 16.08 + . 



SECTION vn. 

TWO PRACTICAL EXPEDIEJ^TS. 

233. Making Change. 

1. Having bought 37 cents worth of goods I hand the 
clerk a $2 bill How will he count the change due me ? 

Answer, — He will say " 37," and laying out 3 c. say "40;" then 
he will lay out a 10 e. piece and say "50," then a 50 6. piece and 
say " $1/' and then a dollar bill and say " $2." Thus he counts on 
to the amount to be taken out by filling out the even parts of a 
dollar, and then counting on the remaining dollar. 
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2. Having Quarter Dollars and $1 bills, how will the 
change for $1,25 be counted out of $5 ? How if I have 
only 5 c. 10 c. and $1 pieces ? 

Anmw to last. " $1.25," " 30," " 40," " 60," " 60," " 70," « 80," 
" 90," " $2," " 13," " $4," " $5." The pieces handed out being a 
5 c. and 7 10 c, pieces and 3 $1 bills. 

3. Having Ic, 2c., 5c., and Half Dollar pieces, how will 
the change for 27c. be counted out of $1 ? What pieces 
will be given ? 

AnMoer, — The pieces given wiU be 1 1 c, 1 2 c, 4 5 c, and 1 50 c. 
The counting wUl be ''27, 28, 30, 85, 40, 45, 50, $1." 

4. Having $5, $2, and $1 bills, and 1 c, 5 c. and Quarter 
Dollar pieces, how will the change for $2.13 be counted 
out of a $10 bill ? 

5. Having 1 c, 10 c, and 25 c, pieces, how will the change 
for 7 c. be counted out of a 50 c. piece ? 

6. Having 2 c., 3 c., 10 c, and 50 c. pieces, and $1, $2, and 
$10 bills, how will the change for $3.17 be counted out of 
a $20 bill? 

Anmer. " $3.17, 20, 30, 40, 50, $4, $6, $8, $10, $20 ; the pieces 
given in change being 1 3 c., 3 10 c, 1 50 c., 3 $2 bills, and 1 $10 bill. 

7. With the same pieces as in the last, how will the 
change be made for $11.26 out of a $50 bill ? 

8. With 1 c, 2 c, and 10 c. pieces, how will the change 
for 15 c. be made out of 50 c. f How 45 c. out of $1 ? 
How 8 c. out of 25 c. ? 

9. With 1 c, 2 c, 10 c, and 25 c. pieces, and $2 bills, 
how will the change for 62 c. be made out of a $5 bill ? 

The counting is " 62, 63, 65, 75, $1, $3, $5." 

The pieces used are 1 1 c, 1 2 c., t 10 c, 1 25 c., and 2 $3 bills. 
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10. With 1 c, 10 c.y and 50 c. pieces, how will the change 
be made for 32 c, out of a |2 bill ? How for 37 c. f How 
for 12 c. out of a $1 bill ? 



Aliquot Parts. 

234. An Aliquot Fart of a number is any number 
(integral or mixed) which will exactly divide it. 

The common Aliquot Parts of $1 are 50 c. = l|; 25 c. 
= |J; 20c. = H; 10c. = 1^; l^c. = ^', 6ic. = $^; 
33ic. = U; and 16|c. = %\. 

1. What cost 27 yd?, of cloth at $25 c. per yard? 

Solution. — ^At $1 per yard 27 yd. would cost $37 ; hence at %\ 
per yard 27 yards cost J of $27, or $6} = $6.75. 

Another Solution. — As every 4 yd, cost $1, 27 yd. will cost as 
many dollars as 4 is contained times in 27 ; 27 + 4 = 6}. Hence 
27 yd. cost $6.75. 

Note. — The pupil should always be able to give some such 
analysis of the operation ; hut for practical purposes he is to notice 
^ust what the numerical operation is; as, in this case, it is simply 
dimding by 4* 

2. What cost 42 yd, of calico at 12^ c. per yard? At 
16f? At6i? 

Operation.— For the first, 42 -i- 8 = 5}. .'. The cost is $5.25. 

3. What cost 35 lb, of butter at 33^ c, per pound ? At 
25c.? At 50c.? At 20c. ? 

4. What cost 15 lb. of tea at $1.33^ per pound? At 
$1.10? At $1.50? At $1.25? At$1.12i? At $1.20? 

Operation.— For the first, 15 4- 5 = 20. .'. The tea cost $20. 

5. At 12^ c, per pound, how much sugar can be bought 
for$l? For $3? For $1.25? 

Operation. 8+2 = 10. .*. 10 lb. can be bought for $U25. 
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6. At 33^ c. per pound, how much coflFee can be bought 
for$l? For $2? For $5? 

Operation. 2x3 = 6. .*. 6 ^. can be bought for $2. 

7. What cost 15 yd. of cloth at $3.20 per yard ? At 
$2.10? At$4.33i? . 

8. What cost 25 yd. of cloth at $4.25 per yard ? At 

$3.40? At $11.25? 

Operation.— For the first, 425 -i- 4 = 106.25. 
Explanation. 100 yd. would cost $425, and 25 yd. would cost ^ 
as much. 

9. What cost 3^ lb. of butter at 32 c. per pound ? At 
36c..* At45c.f At21c.f 

At 21 c. 10 Jb. cost $2.10, and 3^ cost $2.10 -i- 3 = 70^;. 

10. What cost I2i yd. of cloth at 40c. per yard? At 
$1.12? At 16 c.? At $2.20? 

11. What cost 48 gal> of molasses at 66f ci per gallon ? 

Operation. 48 - 16 = 32. .'. $32. Why ? 

12. What cost 120 hu. of potatoes at 37^^. per bushel ? 

13. What cost 256 hu. of onions at 87^^. per bushel? 
$266 - J of $256, or $256 - $32 = $224 Why? 

14. What cost 75 cords of wood at $5.50 per cord ? 

$550 - i of $550, or $650 - $137^ = $412.50. Why ? 





15. 


At $360 per yeai 


' what ifl the rent of a 


house for 


2 


yr. 


7 mo. 


25 da. ? 


Operation. 














For 2 yr., 


2 times $360, 


, or 


$720 










For 6 mo., 


i of $360, 


or 


180 










For 1 mo., 


i of $180, 


or 


30 










For 15 da., 


i of $30, 


or 


15 










For 10 da., 


iof $15, 


or 


3 


, 








For the required time, . . 


• • 


$948 
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16. At 1480 per year what is the rent of a house for 
8 rno. 13 da. f Ans., 1337.33^. 

17. What cost 5 bu. 3 pk. 2 qt, of grain at 11.20 per 
bushel ? W hat 2 bu. 2 pk. 3 qt. ? 

$6.00 + .60 + .30 + .07i = $6.97i. Why ? 

18. If John's salary is 1560 per year, how much does he 
receive for 5 mo, 15 da. f For 1 yr. 10 mo. 18 da. ? For 
2 yr. G mo. 10 da. f For 9 mo. 14 da. ? 

Operation for the last, |280 

$46,666 $140 
14 da. = J mo. + f of J mo. • 15.555 

3.111 
3.111 



$441,777 



19. "NVTiat cost 6 lb. 12 oz. of butter at 28 c. per pound ? 
What bib. Uoz. at 30c. f 4:1b. 10 oz. at 24c.? It lb. 
13 02;. at 40 c. ? Same at 32 c. per pound ? 

$2.80 + .20 + .10 4- .02i = $3.12i. 

20. At 14 .% per pound what is the cost of a dressed 
turkey weigh uig 12 lb. 14 oz. f What one weighing 8 lb. 
11 oz. ? Samo at 16 c. per pound ? 

21. At $45i) per year what is the rent of a house for 
2 yr. 8 mo. 25 da. ? For 1 yr. 5 mo. 11 da. f For 3 yr. 
2 mo. 13 eto. ? 

$1350 + 75 + 12.50 + 3.75 = $1441.26. 



CHAPTER V. 



BUSI NESS RU LES. 



SECTION L 

PEBCEJ^TAGE. 

1. During a severe winter a farmer lost 5 sleep out of 
every 100 of his flock. What part of his fleck did he 
lose ? Ans.y .05, or ^. 

2. John's father agreed to give him S8 for every $100 he 
would earn for himself. To what part of his earnings was 
his father's gift equal ? Ans,^ .08. 

235. Per Cent means By the Hundred. 

To saj that a man lost 5 per cent of his sheep is to say that he 
lost 5 out of every hundred of them, or .05 of them, ^gain, to say 
that a father gives his son a sum equal to 8 per cent of the son's 
earnings is to say that he gives the son $8 for every $lCH) he earns, 
or a sum equal to .08 of his earnings. 

3. A nurseryman lost by drought 6 per cent oj' his trec^s. 
What part of his trees did he lose ? If he had ?150 trees, 
how many did he lose, i. e.y .06 of 2150 = how nr^any ? 

Answer. He lost .06 of his trees; and as he had 2150 
he lost 129 trees. 

4. A man's house was damaged by fire to an extent esti- 
mated at 15 per cent of its value. If the house Avas worth 
16530, what was the amount of damage ? 

An8.y $979.50. 
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5. A speculator bought a car-load of wheat for $450, 
and sold it at a profit of 4 per cent How much did he 
make by the speculation? 

This means that he made .04 of $450, which is $18. 

6. What is 9 per cent of 250 ? 10 per cent of 48 ? 
17 per cent of 53 ? 11 per cent of 1437 ? 

Answer to last, 1437 x .11 = 158.07. 

236. Rate* is the number by which we multiply to 
obtain any required per cent of a given number. 

Thus, to obtain 7 per cent of 250, we multiply 250 by .07. Hence 
.07 is the Bate (not Bate per cerU), 

237. The result obtained by taking a certain per cent of a 
number is called t?ie PercerUage, The term Percentage is also used 
as a general designation for aU processes involving this method of 
reckoning by the hundred. 

238. The Base is the number upon which the per- 
centage is estimated. 

Thus in the last illustration 250 is the base, 

7. Mr. Smith haying a flock of 340 sheep found that in 
1 year they increased at the rate of 50 in a hundred. 
What was the per cent (or rate per cent) of increase ? 
What was the rate of increase? How mtcch was the 
increase ? 

The rate per cent, or per cent of increase was 50. The rate of 
increase was .50, or J. The percentage was 170. 

239. The character % is used as a substitute for the 
words per cent. 

Thus 4% means " 4 i)er cent." 



* It seems scarcely admissible to use the term Bate per cent in this sense, but 
we may so use Bate ; in fiict this is the common meaning of the word rate in 
mathematics. An allowance of 7 on a hundred is not at a rate of .07 per oent^ 
although it is at a rate of .07 ; the Bate per cent is 7. 
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8. What part of a number is 10% of it ? %0% ? m% ? 
\^%J 16i%? 40%? 11^? 15^? ll%? 6%? i%? 
i%? i%? W 100^? 200^? 160^? 

\%f or ^ per cent, is ^ on a hundred, just as 2% is 2 on a hun- 
dred. At \% the rate is .005. 

9. Whatm^^isl^? |^? \%? 1^%? J^? \%? 

f % is at the rate .00|, or .006. }% is at the rate .01^, or .015. 
The per cent being \, the rate is .00^. |% is at the rate .0075. 

10. What is b% of 146 yd. f Of 3470 lb. f Of 1 mi. f 

11. What is lOjg of 1257 ? Of 175.40 ? Of II ? $100 ? 

12. What is 11% of 258 apples ? What 11^ ? 25^ ? 

To Obtain any Required Per Cent of a Number. 
240. Rule. — Multiply the base by the rate. 

N. B. — The rate should always be expressed in the most con- 
venient form, not necessarily in the form of a decimal 'fraction. 
Thus to find 33^% of $300, we would not multiply by .33^, but by 
\y i. e,, divide by 3. But to obtain 7% of any number, it is most 
convenient to multiply by .07. Again to find 25%, we would divide 
by 4, which is the same as multiplying by .25, or ^. 



Show the following to be trae : 



13. 5^ of 780 = 39. 

14. 12^ of 475 yd. = 57 yd. 

15. 10^ of 860 trees=86 trees. 

16. 35^ of 1840 = 644. 

17. 33^^ of $234.54= 178.18. 

18. 45^ofl8f=8.43}. 

19. i^ of $348 =$2.61. 
^^- i% of {i lb. = . 12 oz. 
21. 11% of $47 = $8.29. 



22. Find 6% of $1.75. 

23. Find 6% of $350. 

24. Find 7% of $140. 

25. Find S% of $1. 

26. Find 9% of $100. 

27. Find i% of $0.75. 

28. Find l\% of $i. 

29. Find 1^ of $1540. 

30. Find 1% of $2500. 



248 BUSINESS RULES, 

31. Having 1350, 1 used it in buying grain which I sold 
so as to gain b)^%. How much had I then ? 

^% of 1350 = 119.25. ' Hence I had $350 + |19.25, or $369.25. 

241. The Amount is the sum of the base and per- 
centage. 

32. If the hose is 784 and the rate per cent 6, what is the 
amount f Ans., 831.04, 

33. What is the amount of $1260 at 12|^ per cent ? Of 
$347 at 10^? Of $4.86 at 7^? Of $125 at 6^? 

34. Bought a flock of sheep numbering 350. In one 
season it increased 24^. How many had I then ? Had 
it decreased 24^, how many would I have had ? 

35. Bought 12 crocks of butter weighing 35 lb. each, 
net,* for 19 c, per lb., and sold it at a profit of 2%. What 
did I receive for the whole ? How much did I gain f 

36. My house which is valued at $5500, was damaged 
by fire 15^. What was the total damage ? 

37. Invested $3560 in town lots in a new village in 
Kansas. In the course of a year they increased in value 
62^^. What were they worth then ? 

38. Bought 20 horses at an average price of $225 each. 
I lost 25^ of them, and sold the remainder at an advance 
of 30^ on the cost price. Did I gain or lose by the trans- 
action? How much ? Ans., 1 lost $112.50. 

39. What must be the selling price of cloth which cost 
$4 per yard, in order to realize a profit of 10^ ? Of 12^^^ ? 
Of 25^? Of 30^? Of 15^? Of 20^? 

40. At what must calico which cost 6 c. per yard be sold 
in order to realize a profit of 8^ ? Of -|^ ? Of 1 ^ ? Of 
2i%? Ofi^? Oflf^? Of5^? Of4^%? 

* This means esclusiye of the crocks which contain the butter. 
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41. Bought a piece of cloth containing 30 yd.^ at 13 per 
yard. 10 yd. of it were damaged, so that I had to sell it 
at a loss of 50^. The remainder I sold at 20jg profit. 
How much did I lose on the whole ? Ans^ $3. 



1. Out of a flock of 250 sheep 25 died. What per cent 
of the flock died, and what per cent remained ? 

The first inquiry is the same as " How many hundredths (»f 250 is 
25 ? " Now 35 is ^ of 350 ; hence ^ of the flock died. But -,V= iinr- 
or .10, and 10 died out of a hundred, or 10% of the flock. Again^ 
if 10 died out of 100, 90 survived; hence 90 J& (». e., 90 oat of a 
hundred) remained. 

2. What per cent of 520 is 130 ? 

1. What part of 530 is 130 (139)? 

3. \ of any number is how many hundredths of it ? 

3. What per cent of 9 is 3 ? Ans., Sdi%. 

4. What part of 600 is 42 ? Then what per cent ot 600 
is 42? 

5. 12 is what part of 150 ? How many hundredths? 
What per cent? 

How do you find what part one number is of another ? ^^13 9.) 
How do you reduce a number to lOOths ? 

6. 28 is what part of 560 ? What per cent ? 

28 is ^^ of 560, or ^. Give analysis as in (139). 
Now ^ of anything is 5 hundredths of it. Hence 38 is .05 of 560, 
or 5% of it. 

7. 5 is what per cent of 11 ? 

5 is -fj; of 11, and ^ is *^ hundredths, or 44^ hundredths. 
Hence 5 is .44^ of 11, or 44^ fo of it. 
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To find what per cent one number is of another. 

242. Rule. — Multiply the former by 100 and divide 
this product by the latter. 

8. 3 is what per cent of 8 ? 

86 

Operation. ^^\^ ^ = 37i. /. 3 is 37^ % of 8. 

8 

Bxplanation^-3 is | of 8 (139). | is iJLy^ hundredths, or 
37i hundredths. /. 3 is 37^% of 8. 

9. ^ is what per cent of 2|^ ? 

Operation. ^?^ = 20. .-. i is 20% of ^. (Explain.) 

10. $10.50 is what per cent of $175 ? 

100 X 10-6 ^ MM = 6. .-. $10.50 is 6% of $175. 

176 176 ' 

11. $21.40 is what % of $428 ? Of $700 ? Of $87.50 ? 

100 X 81.40 _ 81A0 _ Q4I6 
8 7.60 87.60 3 6 * 

12. 3 is what ^ of 12 ? Of 20? Of 17? Of 6? Of 
30? 

13. $37 is what % of $185 ? Of $46.25 ? Of $37 ? 

243* Note. — In such prdtlems * the Base and the Percentage 
a/re given. Hence to find t?ie Rate {jiot the rate r'teR cent) we sim- 
ply have to divide the Percentage by the BasCt since by (240) the 
percentage is the product of Base and Bate. The rate x 100 = the 
rate per cent. 

14. What per cent of $240 is $16.80 ? $27.60 ? $13.80 ? 

Ans., 7, 11^ and 5f ^. 

15. What per cent of I is i ? *? iV? i? i? 

Ans., 30, 64f, 12^, 16|, 50^. 

16. What per cent of 125 is 125 ? 250 ? 375 ? 150 ? 

Am,, 100, 200, 300, 120^. 



* Teacher explain wbat is meant b^ this word ** problem." 
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17. The standard for gold coin in the U. S. is 9 parts 
pure gold and 1 part alloy. What % is alloy ? What % 
is gold ? -4w5., 10^ alloy, 90^ gold. 

18. If I buy cloth at $5 per yard and sell it at 15.60, 
what % profit do I make ? That is, $.50 is what ^ of $6 ? 

^^^^'^^ = 10. I make 10% profit. 

19. If I buy land at 127 per acre and sell it at 136, 
what ^ do I make ? What if I sell it at 130 ? At 190 ? 

Ans.y 33^, 11^, 233^. 

20. A fruit grower shipped 300 baskets (pecks) of peaches 
to Chicago ; but on the way 75 baskets spoiled. What % 
did he lose? What ^ was left? 



21. When I sell goods at IJ their cost what % profit do 
I make ? 

I make a profit of \ the cost, t. e, on every %1 spent in buying I 
make } of a dollar. The question then is, " \ is what fo of 1 ? " 

Ans.y 25%. 

22. When I sell goods at f the cost what ^ do I lose ? 

The loss is ^ of the cost. Then the question is, " ^ is what % 
ofl?" 

23. When I sell goods at twice the cost, what ^ do I 
make ? When at 1-^ the cost ? At 1^ the cost ? At 2J 
the cost ? Answer to last, lbO%, 

24. What % is made by buying tea at 80 cents per pound 
and selling it at $1 ? At90c.f At 85 c.? At $1.10? 

These questions are equivalent to, " What % of 80 is 20? 10? 
5? 30?" Why? 

25. Bought a span of horees for 1575 and sold them at 
1650. What % did I make ? Ans., 13^^. 
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26. Bought a house and lot for $11500 and sold them 
at 113640, after having expended $350 in repairs. What 
% did I make ? Ana.^ ^^■iii%y ^^ ^ ^^^^ more than 16^%, 

27. A merchant marked prints which cost him 7 c. to be 
sold at 9 c. What per cent advance on cost was this ? 

An8.y 2^%. 

28. Bought 2560 lb. of coffee at 31 c. per pound, and 
paid $1.50 per hundred for freight and $1 for cartage. 
What Jg did I make by selling it at 45 c. per pound ? 

-4n5., 38^+. 



SECTION n. 

IJfTEBEST, 



1. Mr. Smith lends me $250 for a year, and I agree to 
pay him back the $250 at the close of the year, and 6^ 
additional for the use of the money? How much do I 
pay for the use of the money ? How much do I pay Mr. 
Smith in all at the end of the year ? 

Answer, For the use of the money I pay $15. In all 
I pay $265 at the end of the year. 

244. Interest is money paid for the use of money.* 

245. The Principal is the sum for the use of which 
interest is paid. 

It will be seen that Principal corresponds to BoMy as heretofore 
used, and Interest to Percentage. So also the Amount is the sum of 
principal and interest. 

* Ab the baslB on which Interest Ib computed Ib always money, it is not deemed 
best to camber the definition with any allasion to anything else. 
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246. Simple Interest is interest which is considered 
as faUing due only when the principal is paid, or w^hen a 
partial payment is made. It is usually reckoned at a cer- 
tain per cent per annum (year). 

According to this principle, viz., that the interest does not fall 
due till a payment is made on the principal, no interest is allowed 
on accrued interest. 

1. What is the simple interest on $125 for 3 yr. at 1% 
per annum ? What the amount ? 

Operation. 

$126 Explanation. — Since 7% is .07 of the principal, the 

-— interest for 1 yr, is $125 x .07, or $8.75 ; and the interest 

' 3 for 3 yr, is 3 times the interest for 1 yr., or $8.75 x 3 = 

$ 26.25 $26.25, The amount being the sum of principal and 

125^00 interest is $151.25. 
$151.25 

2. What is the interest on $250.60 for 2J yr. at 10^ per 
annum ? What the amount ? 

Interest, $62.65; Amount, $313.25. 

3. If I borrow of Mr. White $325 for 1 yr. 8 mo. 15 da. 
at 7$g, what shall I have to pay him at the expiration of 
the time ? 



12 



15^^ da. $325 

8.5 mo, '^'^ 



o~ 22 75 

1.708i yr. ^^^^ ^^^ interest for 1 year is $22.75, 



758 andlyr. 8 wo. 15 (Za. = 1.708^ _ 

15 92 5^ ^enix^ the interest for 1 yr. 8 mo, 

22 75 and 15 da. is $22.75 x 1.708J. 

38.86 458 

$363~86 
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To Compute Simple Interest. 

247. Rule. — Multiply the principal by tlie rate, and 
this product by the time in years. 

To find the amount, add the interest to the principal. 

In multiplTing hj the time we may either redace the months and 
days to decimals of a year, or take such aliqaot parts of the interest 
for 1 yr. as the months and days are of 1 yr. 

4, What is the amount of 1325 at 1!% per annum for 
1 yr. 8 mo. 15 da. f Solve by taking aliquot parts of the 
interest for 1 yr. 

$325 
,07 

$22.75 Int. for 1 yr. 

11.375 Int. for Qmo. = ^ int. for 1 yr. 

3.792* Int. for 2 mo. = J int. for 6 mo. 

.948 Int. for 16 da. = ^ int. for 2 mo. 

Int. for 1 yr. 8 mo. 15 da. 



$38.86 

325.00 Principal. 



$363.86 Amount. 

5. What is the simple interest on $150 for 2 yr. 7 mo. 
18 da. at 6% per annum ? 



By Aliquot Parts. 



$150 
.06 

9.00 
2 



For 1 yr. 



18.00 For 2 yr. 

4.50 For 6 two. (i yr.). 

.75 For 1 mo. 

.375 For 15 da. (i mo.). 

.075 For 3 da. (i of 15 da). 



$23.70 For 2 yr. 7 mo. 18 da. 



3^ 
12 



By Decimals. 

18. $150 

7.6 .06 

2.63i 
9 



9.00 



$23.70 
The interest for 1 yr. is $9. 
And as the given time is 2.63J 
yr., we take 2.63 J times 9, using 
9 as the multiplier, as it is more 
convenient. 



* Nearer 2 than 1. 
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Note< — The method of computing interest by aliqaot parts is in 
more general use, notwithstanding that the method by decimals 
usually requires less work. 

Business men who have frequent occasion to compute interest — 
as bankers — always make use of Tables. See next rule. 

6. What is the amount of $350 for 3 yr. 10 mo. 19 da. 
at 8^? 



By Aliquot Parts. 

|3 50 

.08 

28.00 
3 

84.00 

14.00 

7.00 

2.3333+ 

1.1666 + 

.2333 + 

.0777 + 



$108.81 
350 .00 

$458.81 



Interest. 
Amount. 



By Decimals. 



30 
12 



19. 



10.633 + 

3.886 + 
28 

31088 

77 72 

1108.806 
350 

$458.81 



$350 

m 

$28.00 



Interest. 
Amount. 



Solve the following by each of the above methods, and 
observe which is the more expeditious. Find both interest 
and amount : 

7. $235.50 at 10^ for 3 yr. 6 mo. 10 da. 

Int., $83.08. 

8. $245.60 at S% for 2 yr. 7 mo. 21 da. Int., $51.90. 

9. $500 at 6^ for 2 yr. 5 mo. 12 da. Int., $73.50. 

10. $750.50 at 11% for 1 yr. 8 mo. 20 da. 

Ami., $840.98-. 

11. $436.75 at 6% for 1 yr. 2 mo. 15 da. 

Amt., $463.14-. 

12. $230 at 6% for 11 mo. 15 da. Int., $13.22f 
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13. $1385.60 at 15^ for 23 da. Int., I13.28-. 

14. 114.30 at %% for 2 yr. 9 mo. Int., $3.15-. 

15. $325.25 at ^% for 2 yr. 9 mo. 12 da. 

^m^., $384.09 + . 

16. $2360.25 at 8^ for 7 mo. Int., $110.14i|. 

17. $18.28 at b% for 5 yr. 9 da. Ami., $22.87 + . 

18. $87.50 at 1% for 3 yr. 3 mo. -4m^., $107.41—. 

19. $480 at 15^ for 6 yr. 3 mo. Int., $450. 

20. $18.20 at bl% for 9 yr. 9 mx>. 9 Ja. /w^., $10.23. 



To Find the Simple Interest on any Principal by means of 

Interest Tables. 

There are several different volames of such tables in use by 
bankers and accountants, but the general principle is the same. 
We have space to give only one page of such tables, and select that 
which gives the simple interest on $1 for any time less than 6 
years, at 5%, 6%, 7%, 8%, 10%, or 12%. Such volumes always 
contain tables which enable us to take the interest on any sum 
directly from the table, usually requiring no arithmetical process 
but addition. 

248. Rule. — To find the interest on any sum from 
the folloiving Table, take from the table the interest on $1 
for the given number of years, moriths, and days, and add 
these results. Multiply this sum by the given principal. 

1. Find from the table the simple interest on $143.25 
for 3 yr. 7 mo. 22 da., at 7% per annum. 

Interest on $1. The Interest on $143.25 is 143} times the 

.21 For 3 yr. interest on $1 ; hence .265 

.0408 For 7 mo. 143} 

.0042 For 22 da. 64 

.255 For Zyr.lmo, 22 da. 765 

1020 
255 



$36.53 Int. required. 



SIMPLE INTEREST. 



267 



12%. 


6%. 


7%. 


YEARS. 


10%. 


5%. 


8%. 














.12 


.06 


,07 


I 


.10 


.05 


.08 


.24 


.12 


.14 


2 


.20 


.10 


.16 


.36 


.18 


.21 


3 


.30 


•15 


.24 


.48 


.24 


.28 


4 


.40 


.20 


.32 


.60 


.30 


.35 


5 
MONTHS. 


.50 


.25 


.40 














.01 


.005 


.00583 


I 


.00833 


.00416 


.00666 


.02 


.01 


.01166 


2 


.01666 


.00833 


.01333 


.03 


,015 


.01750 


3 


.02500 


.01250 


.02000 


.04 


.02 


.02333 


4 


.03333 


.01666 


.02666 


.05 


.025 


.02916 


5 


.04166 


.02083 


.03333 


.06 


•03 


.03500 


6 


.05000 


.02500 


.04000 


.07 


.035 


.04083 


7 


.05833 


.02916 


.04666 


.08 


.04 


.04666 


8 


.06666 


.03333 


.05333 


.09 


•045 


.05250 


9 


.07500 


.03750 


.06000 


.10 


.05 


.05833 


10 


.08333 


.04166 


.06666 


.11 


.055 


.06416 


II 
DAYS. 


.09166 


.04583 


.07333 














.00033 


.00016 


.00019 


I 


.00027 


.00013 


.00022 


.00066 


.00033 


.00038 


2 


.00055 


.00027 


.00044 


.00100 


.00050 


.00058 


3 


.00083 


.00041 


.00066 


.00133 


.00066 


.00077 


4 


.00111 


.00055 


.00088 


.00166 


.00083 


.00097 


5 


.00138 


.00069 


.00111 


.00200 


.00100 


.00116 


6 


.00166 


.00083 


.00133 


.00233 


.00116 


.00136 


7 


.00194 


.00097 


.00155 


.00266 


.00133 


.00155 


8 


.00222 


.00111 


.00177 


.00300 


.00150 


.00175 


9 


.00250 


.00125 


.00200 


.00333 


.00166 


.00194 


10 


.00277 


.00138 


.00222 


.00366 


.00183 


.00213 


II 


.00305 


.00152 


.00244 


.00400 


.00200 


.00233 


12 


.00333 


.00166 


.00266 


.00433 


.00216 


.00252 


13 


.00361 


.00180 


.00288 


.00466 


.00233 


.00272 


14 


.00388 


.00194 


.00311 


.00500 


.00250 


.00291 


IS 


.00416 


.00208 


.00333 


•00533 


.00266 


.00311 


16 


.00444 


.00222 


.00355 


.00566 


.00283 


.00330 


17 


.00472 


.00236 


.00377 


.00600 


.00300 


.00350 


18 


.00500 


.00250 


.00400 


.00633 


.00316 


.00369 


19 


.00527 


.00263 


.00422 


.00666 


.00333 


.00388 


20 


.00555 


.00277 


.00444 


.00700 


.00350 


.00408 


21 


.00583 


.00291 


.00466 


.00733 


.00366 


.00427 


22 


.00611 


.00305 


.00488 


.00766 


.00383 


.00447 


23 


.00638 


.00319 


.00511 


.00800 


.00400 


.00466 


24 


.00666 


.00333 


.00533 


.00833 


.00416 


.00486 


25 


.00694 


•00347 


.00555 


.00866 


.00433 


.00505 


26 


.00722 


.00361 


.00577 


.00900 


.00450 


.00525 


27 


.00750 


.00375 


.00600 


.00933 


.00466 


.00544 


28 


.00777 


.00388 


.00622 


.00966 


.00483 


.00563 


29 


.00805 


.00402 


.00644 
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Solve by the Table the following for both InL and Amt : 

2. $340 at b% for 2 yr. 6 mo. 11 da. InL, $41.60. 

3. $28 at 10^ for 93 da. (3 mo. 2 da.). Ami, $28.72. 

4. $12.60 at S% for 63 da. Ami., $12.68. 
6. $136.37 at 7^ for 6 mo. 13 Ja. 

6. $81.40 at S% for 1 yr. 17 rfa. 

7. $471 at 10^ for 2 yr. 6 mo. 5 da. 

8. $251.13 at 7% for 30 ^Za. For 1 yr. 3 ?wo. 

9. $125. 10 at 12^ for 340 da. For 3 yr. 

10. $2000 at 10^ for 2 yr. For 3 yr. 6 wo. 10 rfa. 

[If more exercise in the use of the table is needed, review the 
examples on pp. 256, 257.] 

11. A note * of $65.80, dated Feb. 20, 1868, and bearing 
interest at 7%, was paid June 25, 1870: what was the 
amount paid ? Ans., $76.61. 

Find the time by subtracting dates (231). 

12. On the 2l8t day of January, 1874, for value received, 
I promise to pay J. C. or order, $350, with interest at 7% 
per annum. 

Auburn, Bee. 6, 1869. James Jokes. 

What was the amount of this note when it became due ? 

-4*w.,.$451.13. 

13. What is the amount of $83.25 at S% from May 6, 
1861, to Nov. 10, 1870 ? 

At 10^ from July 8, 1871, to Apr. 17, 1873 ? 
At 6i% from Sept. 13, 1870, to Feb. 20, 1875 ? 



EXACT INTEREST. 
249. The above method of reckoning time, i. e. calling 
12 mo. a year and 30 da. a month, does not usually get the 

* A Note iB a written contract by which one party agrees to pay another parly 
a specified Bum, 
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exact interest when months and days are involyed, since it 
does not get the eocact time. 

1. What is the exact interest on $450 at 10^, from May 
25, 1868, to Jan. 8, 1871 ? 

Suggestion.— The exact time (230) is 2 yr. and 238 dcu Tlie 
interest on |450 for 2 yr. at 10% is $90. For 1 da, it is ^ of $45, 
and for 228 (to. it is fff of $45, or $28.11 — . Hence for the exact 
time the interest is $118.11 — . 

2. What is the exact interest on $140.40 from Aug. 29, 
1864, to Nov. 29, 1865, at ^% ? Ans., $11.43 - , 

3. What is the exact interest on $1580 from June 10, 
1874, to Feb. 17, 1875, at 10^? Am.y $109.08 -f. 



COMPOUND INTEREST. 
260. Compound Interest is interest considered as fall- 
ing due at regular intervals of time, and to be reckoned as 
increasing the interest-bearing debt from such times. 

This method of reckoning interest allows interest on interest 
accrued, and hence the term compound, meamng interest on interest. 

1. What is the amount of $250 at annual compound 
interest for 3 years, at 7% ? 

Operation. 

$350 1st Prin. 
.07 

24.50 Int. for 1 yr. on 1st Prin. 
350. W^ 1st Prin. 

$374.50 Amt. for 1st yr., or 2d Prin. 
^ 

26.2150 Int. on 2d Prin. 
374.50 2d Prin. 



$400,715 Amt. of 2d Prin. for 1 yr., or 8d Prin. 
^ 

28.05005 Int. on 3d Prin. 

400.715 3d Prin. 



$428.76 AnU, at end of 3d year. 
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Explanation. — As the interest is considered as falling due at the 
end of each year, at the end of the first year the debt is $874.50. 
This is, therefore, to be on interest for the next year. Again, as the 
interest on this for a year, $26,215, falls due at the end of the year, 
it is added to the principal for this year, and makes the interest- 
bearing sum for the 8d year $400,715. This sum on interest for a 
year amounts to $428.77, which is therefore the amount of $250 on 
compound interest for 3 ^r. at 7%. 

2. What is the amount of $152 at semi-annaal com- 
pound interest for 2 years at Q% per annum ? 

Operation. $152 
j03 

4.56 

15^ Explanation. — As the interest is considered 

^^"•^^ as falling due at the end of each \ year we 

Tc^^ compute the interest for J a year and then add 

156!56 it to the principal, thus making a new prin- 

161.257 cipal for the next \ year. Instead of multi- 

•^^ plying by .06 in this instance, and dividing 

1 fit 9^7 *^® product by 2 to get the interest for J a 

T66l)95 ye^-r, we simply multiply by .03, which gives 

.03 the same result. 

4.98285 
166095 



$171.08 

251. Rule. — To compute Compound Interest^ reckon 
the interest on the principal for the first interval of time, 
add it to the 2)rincipaly and consider this as a new princi- 
pal for the next interval, etc. 

Or, Find from the interest Tables the amount of $1 
for the given rate and time and multiply this by the given 
principal. 

The result thus found is the Amount. The Compound 
Interest is the remainder after the first Principal is sub- 
tracted from this amount. 
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Compound Interest Table. 



yr, 

I 

2 

3 
4 

5 

6 

7 
8 

9 

lO 


3%. 


4%. 


4i%. 


5%. 


6%. 


r/o- 


1.030000 
1.060900 
1.092727 
1.125509 
1.159274 


1.040000 
1. 08 1600 
1. 124864 
1. 169859 
1.216653 


1.045000 
1.092025 
1.141166 
1.192519 
1. 2461 82 

1.302260 
1.360862 
1.422TOI 
1.486095 
1.552969 


1.050000 
1 102500 
1.T57625 
1.215506 
1.276282 


1.060000 
1. 123600 
1.191016 
1.262477 
1.338226 


1.070000 
1. 144900 
1.225043 
1. 3 10796 
1.402552 


1.194052 
1.229874 
1.266770 

1.304773 
1.343916 


1.265319 
1.315932 
1.368569 
1.423312 
1.480244 


1.340096 
1. 407 100 

1.477455 
1.551328 
1.628898 


1.418519 
1.503630 
1.593848 
1.689479 
1.790848 


1.500730 
1.605781 
1.718186 

1.838459 
1.967151 



224973 
112486 
337458 
449944 
224972 



3. Find the amount of $243.12 at annual compound 
interest for 3 yr. at 4^, both with and without the use of 

the table. Also the interest. 

$1.12486 
By the Table.— Amount of $1 at 4% for 243.12 

3 yr. Now $243.12 amounts to 243.12 times 

as much as $1, or $273.48. 

Hence tlie interest is $273.48 - $243.12 = 

$30.36. 

$273.4759632 

Find the compound interest of the following sums for 
the respective times and rates, both by the use of the table 
and without it 

4. $340 for 2 yr. compounded semi-annually at 6^.* 

5. $100 for 7 yr. at ^%. Amt, $136.09. 

6. $230 for 6 yr, at 8%. At 5%- At 4^. 

7. $125 for 3 yr., compounded quarterly, at 12^. 

8. $270 for 4 yr., compounded semi-annually, at S%. 

9. $250 for 3i yr., compounded semi-annually, at 10^ 



♦ This means, " at 856 per annum," but compounded (i. e. interest added to 
principal) every 6 mo. ; hence it is the same as Z% for 4 years, or $42.67 
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10. What is due on a note of $200 bearing semi-annual 
compound interest at 9jg, 2 yr. 10 mo. from date ? 

Suggestion.— For 2 J yr, the amount is $249.2364. This is then 
on interest for 4 mo,y which makes the whole amount $267.71. 



ANNUAL, SEMI' ANNUAL, ANI> QUAB- 
TERLY INTEREST. 

262. Contracts are often made in which it is agreed that the 
interest shall be paid annually, semi-annually, or even quarterly. 
This is, in fact, compounding the interest thus often ; but if the 
payments of interest are not made as they fall due, the general rule 
is that only simple interest can be collected, although the statutes 
of some of the States aUow simple interest on the deferred payments 
of interest, 

1. On a note for $150 bearing annual interest at 1%, the 
debtor had neglected to pay the interest for 3 yr. Allow- 
ing simple interest on the deferred payments, what was 
then due on the note ? 

Suggestion. — ^At the end of 1 yr. $10.50 of interest feU due. This 
b^g deferred 2 yr., at 7%, would amount to $11.97. At the end 
of the 2d year another $10.50 of interest fell due, which would be 
on interest 1 yr., and would amount to $11.24. At the end of the 
3d year another $10.50 of interest fell due. Hence at this time 
there was due in all, $150 + $11.97 + $11.24 + $10.50, or $183.71. 

2. On the same principle as in the last, what is due on 
a note for $525, bearing 6^ annual interest, the interest 
payments having been deferred 4 years? Ans., $662.34. 

3. On the same principle, what is due on a $275 10^ 
note, interest payable semi-annually, but deferred 3 yr. 
8 mo. 17 da. f 

4. As above, what is due on a $100 S% note, interest 
payable quarterly, but deferred 1 yr.f 
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PARTIAL rAYMENTS. 

263. It frequently happens that a debtor does not pay 
his note all at one time. In such a case, whatever is paid 
at any time is endorsed (credited) on the back of the note, 
and is called a Partial Payment (or simply, a pay- 
ment). 

There are several methods in more or less general use 
for computing interest on such notes; but the one adopted 
by the U. S. Court and by most of the States, is the only 
one for which we have space in this treatise. 

This rule is based upon these two principles : 

1. Hie principal can not he diminished ^ntil the accrued 
interest is paid ; 

2. Interest shall not draw interest. 

U. S. Court Rule for Computing: Interest on Notes on which 
Partial Payments have been made. 

264. Rule. — /. Compute the interest on the Principal 
from the date of the note to the time of the first payment. 
If this payment equals or exceeds this interest^ find the 
amount and subtract the payment. Treat this remainder 
as a New Principaly and proceed to the next payment. 
Continue the process till the time of settlement is reached. 

II. If any payment is less than the accrued interest, add 
such payment to the next, and treat the sum as one pay- 
ment made at the latter date. 

$350. 

One day after date, for value received, I promise to pay 
John Jay, or bearer. Three hundred and fifty dollars ($350), 
with interest at 7% per annum. 

ROCHBSTKB, N. Y., May 7, 1868. Amos AmeS. 
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On this note there were the following endorsements : 

September 17, 1870, $100; 

February 10, 1872, $50. 
How much was due on the note October 25, 1872 ? 

Interest at time of 1st PaTment .... $57.85 

As the paTmeiit ($100) exceeds this, 350.00 

we find the amount ..... $407.85 

and subtract the Payment .... 100.00 

NetJD Principal $307.85 

Interest on New Principal at the time of the 2d Payment 30.11 

As the payment ($50) exceeds this, we find the amount . $337.96 

and subtract the payment 50.00 

MNewPnnci^ta $287.96 

Amount of this 2d New Principal from date of last pay- 
ment to Oct. 25, 1872 . . . . . $302.24 

2. $475. Chicago, III., Sept, 14, 1869. 

On July 12, 1875, for value received, I promise to pay 
Peter Price, or order, Pour hundred and seventy-five dol- 
lars ($475), with interest at %% per annum. 

James White. 

On this note were the following endorsements : 
April 12, 1871, $25 ; August 20, 1873, $150 ; 
November 27, 1874, $100 ; May 1, 1875, $5. 
What remained due on this note at the date of pay- 
ment ? 

Suggestions. — At the time of the 1st payment the accrued inter- 
est was $44.97. If this be added to the principal, and the i>ayment, 
$26, subtracted, part of this interest would be included in the New 
Princvpalf and hence interest would draw interest, and the 2d prin- 
ciple be violated. Hence we consider the 2d payment, made Aug. 
20, 1873, as $175, and compute the interest on the face of the note, 
$475, up to this date. 
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This is $112.10, and the payments ($175) being greater than the 
accrued interest, we find the amount, $587.10, and deduct these 
payments, leaving as a New Principal $412.10. [N. B. — Each New 
Principal must be less than the preceding, otherwise there will be 
interest on interest.] 

The amount of this New Principal at the time of the 8d payment 
was $443.49, and as this payment, $100, was more than the accrued 
interest, $31.89, our 2d New Principal is $343.49. 

Finally, it is evident, without careful computation, that the next 
payment, $5, over 5 mo. from the last, did not equal the interest 
then accrued. So we compute the interest on this 2d New Princi- 
pal, $343.49, to the time of settlement, and finding the amount, 
deduct the $5. This leaves the amount due on the note $351.37. 

3. $504. CLKVBLAin>, 0., June 10, 1869. 
On demand, for value received, I promise to pay Zenas 

White, or order, Five hundred and four dollars ($504), 
with interest at 6% per annum. 

J. A. King. 

On this note were the following endorsements : 

Jan. 25, 1870, $84 ; May 15, 1870, $100 ; 
Feb. 20, 1871, $200. 
What was due July 5, 1871 ? Ans., $166.51. 

4. $450. Louisville, Ky., Jan. 1, 1865. 
Two years after date, for value received, I promise to 

pay to the order of James Jones, Four hundred and fifty 
dollars ($450), with interest at S% per annum. 

Randall Weight. 

On the back of this note were the following endorse- 
menfcs: 

March 16, 1865, $75; Jan. 1, 1866, $100; 

Apr. 4, 1866, $200. 
12 
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What was due on the note at maturity (i e., at the time 
it should be paid ? Ans., $119.77. 

6. Date of note, March 11, 1870 ; face, $58.50 ; rate per 
cent, 10 ; payments, June 5, 1871, $12; Nov. 23, 1873, $6 ; 
Aug. 7, 1874, $5; Dec. 18, 1874, $20; May 10, 1876, $5; 
how much remained due July 1, 1876? -4 ws., $43.12. 

6. On a note of $400, at 11%, there was paid $100 an- 
nually for 3 years. How much remained due 3 yr. 4 mo. 
from the date of the note ? 

266. Legal Interest — Legal Interest is the rate per cent estab- 
lished by law as that which is to be implied in an interest-bearing 
obligation in which the rate is not specified. 
In Louisiana the legal rate is . . . . . 5 % . 

In the N. E. States, N. C, Penn., Del., Md., Va., W. Va., 
Tenn., Ky., O., Mo., Miss , Ark., Flor., la., 111., Ind., the 
Dist. of Columbia, and debts due the United States . 6%. 

In N. Y., N. J., S. C, Ga., Mich., Minn., and Wis. . 7 % . 

In Alabama and Texas ...... 8%. 

In Col., Kan., Neb., Nov., Or., Cal., and Washington Ter. . 10%. 
In England and France ..... 5%. 

In Canada, Nova Scotia, and Ireland . . . ,6%. 

Usury is a higher rate of interest than the legal rate. Most of 
the States allow usury, up to a certain rate, when it is agreed 
upon between the parties and specified in the contract Thus O., 
Flor., and La. allow up to 8%; 111., la., Mich., Ark., Miss., Mo., and 
Tenn., up to 10%; Minn., Tex., and Wis., up to 12%; Neb., 15%; 
Kan., 20%; Mass., R. I., Cal., Nev., Col., any rate agreed upon. 

Of course, in those States where parties are prohibited from 
making a contract for a higher than a certain rate. Compound Inter- 
est is illegal, and can not be collected at law. 

Some of the States have special statutes allowing simple interest 
on accrued payments of AnmuU Interest which have been deferred. 
Such is the case in Michigan. 
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SECTION in. 

DISCOUJVT, 

266. Discount is a general term used by business 
men to signify any deduction made from a nominal price, 
or value. There are three principal uses of the term as 
illustrated by the three following examples : 

1. I asked a bookseller the price of a certain book. He 
answered : " The list * price is $15 ; but I can allow you a 
discount of 30^." What did he ask me for the book ? 

By a "discount of 30%/' he meant 30% less than $15. 30% of 
$15 is $4^. Hence he proposed to sell me the book for $15 — 
$4.50, or $10.50. The $4.50 may be called the Commercial Discount, 

267. Commercial Discount is a deduction from 
the nominal price, or value, of an article. 



2. Desiring to borrow some money at a bank, they tell 
me that they are discounting at 1% a month. How much 
money shall I receive on my note for $200 made payable 
in 2 months ? 

The custom of banks is to require the payment of interest in 
(advance, i. «., when the note is given, and for Three Days more than 
the nominal tima Thus, in this case, 1 % per month on $200 for 63 
days is $4.20. Hence they will give me $200 — $4.20, or $195.80, on 
my note of $200 for 60 days. Of course I shall have no interest to 
pay when my note falls due. Only the face of the note, $200, will 
be required then. The $4.20 is called the Bank Discount. 

268. Bank Discount is interest paid in advance, and 



♦ Regular retail price fixed by the publisher. 
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for 3 days more than the nominal time. These 3 days are 
called Days of Or (ice. 

This custom of aUowing days of grace has become well nigh 
universal with reference to Business Paper (obligations for the 
payment of money). The general rule is that a suit at law cannot 
be instituted for the collection of any such paper until 3 days after 
its nominal maturity. Hence, in discounting such paper, it has 
become customary to compute the amount including these 3 days. 



3. I have a note due 2 years hence which will bring me 
at that time $228. I wish to obtain the money on it now. 
What is it worth, the use of money being worth t% per 
annum ? 

The supposition is that the use of $1 for a year is worth to me 
$.07, and for 2 years $.14. Hence every $1.14 of the $228 due 2 
years hence is worth to me $1 now, 228 -«- 1.14 = 200. Therefore 
the note is worth $200 now. The $200 is called the Present Worth, 
$228 — $200, or $28, is the Discount. To distinguish this from 
Bank Discount it is usuaUy called True Discount, 

269. True Discount is a deduction made for the 
present payment of a sum of money due at some future 
time. 

260. The Present Worth of a sum of money due 
at some future time, is a sum which, put at interest at a 
rate agreed upon, will in the given time amount to the 
sum due. 

4. I have a note for 1300, bearing interest at 7% and 
due 3^ years hence. What is its present worth, money 
being worth 10^ ? 

Solution. — ^The amount of the note at maturity will be $373.50. 
Now $1 at IQfo will amount to $1.35 in the given time. Hence the 
Present Worth of said note is 373.50 -*- 1.85 = 276. 66|, or $276.66t. 

Proof. — That this is just appears from the fact that if I retain the 
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note I shall get $373.50 at the expiration of ^\ years ; while if I 
sell it for $276. 66f and the money is worth 10% to me, I shall 
realize the amouni of $276.66| at 10% for 3^ years, or $373.50. 

5. I have a note for $300, bearing interest at 10%, due 
3|^ years hence. What is its present worth, money being 
worth 7^? Ans. $325.30. 

The amount due on the note at the end of the time will be $405. 
But as money is now worth only 7%, $1 in hand now will amount 
to $1,245 in the 3^ years. Hence the present worth is 405-^1.245. 

That this note is worth m^ore than iuface ($300), is evident, since 
it is drawing a higher rate of interest than money is now worth. 

The face of the note is its nominal present worth. The differ- 
ence between this and its true present worth is called Premium, 

261. When the True Present Worth of a note exceeds 
the Face of the note this excess is called Premium. 

To find the Present Worth of a Sum of Money due at some 

future time. 

262. Rule. — Divide the sum due at the future date 
by the amount of $1 at the rate agreed upon for the time 
from which it is proposed to discount the sum till the tims 
said sum is due* TJie quotient is the Present Worth. 

263. The difference between the nominal present value 
(as ihQface of a note) and the True Present Worth, is the 
True Discount, or PremiumL, as the case may be. 

6. What is the present worth of a note of $125.50, due 
2 yr. 3 mo. 15 da. hence, without interest, money being 
worth 7^ ? What the discount ? 

125.50 -*- 1.1604 = 108.15 + , the present worth. Hence the dis- 
count is 125.50 - 108.15 = $17.35. 

7. How much should be discounted for the present 
payment of a note of $1174.32, due in 3 yr. 3 mo., without 
interest, money being worth 8^? Ans. $242.32, 
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8. January 14:th, 1875, a speculator offered me $300 for 
a note of $350, dated May 7, 1874, payable Oct. 21, 1876, 
and bearing Q% interest, money being worth 10^. Did he 
offer me the full value of the note ? Ans. $41.80 less. 

What amount of money would this note yield Oct. 21, 1876! 
What is the present worth of this amount Jan. 14, 1875, at 10% ? 

9. A merchant bought goods amounting to $4200, on a 
credit of 6 months, without interest. What sum in ready 
money would discharge the debt, money being worth 8^ ? 

10. A note, $52.25, dated Sept. 12, 1869, and bearing 
10^ interest, will be paid Jan. 1, 1876. What is it worth 
July 1, 1874, money being worth 6^? Ans. $78.15. 

11. Having bought a bill of goods ajnounting to $250 
on 90 days credit, the tradesman says to me, " For cash I 
could discount you 10^ on this bill." What amount ol 
money would pay the bill now t Ans. $225. 

12. If you get your note for $50 discounted at a bank 
for 2 months at 10^ per annum, what are the proceeds, i, e., 
how much money will you receive on the note ? 

13. On a note for $150 given at a bank for * ^/g 3* days, 
at S% per annum, what are the proceeds ? Ans. $146.90. 

14. In many banks, as in those of New York city, bank 
discount is reckoned as Bxact Interest (349) in advance. 
In such a bank, what is the discount on a note of $5000 
for *®/63 days at 10^ per annum? What if reckoned as 
common interest in advance ? Answers, $86.30, $87.50. 

Note. — Let the student show that the difference between the 
bank discount on a note for • ^/c s ^7^ computed as Common Interest 

* A note given at bank for 90 days is considered as due any time from 90 to 93 
days from date (though le^lly only at 93 days) and the time is written thus, * V*9« 
So the time on a note for 30 days is written '"Z**. 
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in advance, and as Exact Interest in advance is nearly ^xfiiW o^ t^e 
interest on the sum for 1 year. For » Vbs days it is a little more 
tlian ^if^ ; for » V9 j days a little more than t^^. 

15. What is the Bank Discount on a note for $250 {Ex, 
Int.) at 7% for «o/^^ ^^.^ p^r so/^^ ^^.^ ^t 10^ for 
•V^s^^-J' For 30/33 (?rt.f 

Observe that taking exact interest gives for »o/^^ ^ ^f ^he 
interest for 1 yr., while common interest gives ^. 

16. A note for $6000 was made May 10, 1868, payable 
in six months with interest at 9^, and discounted at a 
bank in Michigan, Oct. 3, 1868, at 7%; what were the 
proceeds ? Ans., $6226.164 + . 

The Amount due Nov. 13, 1868 (allowing grace), is $6274.50 This 
is discounted at bank for'^/^^ days, exact interest. 



SECTION IV. 

IJfSUBAJVCE AJ^D TAXES. 

[The arithmetical principles involved in the ordinary problems 
imder these heads are simple applications of percentage, and all the 
special instruction the pupil needs is in reference to the nature of 
the business, and the technical terms used.] 

264. Insurance is a branch of business in which 
companies called Insurance Companies, make contracts to 
pay specified sums of money to other parties, in the event 
of certain losses to which the latter may be hable, the 
company receiving a percentage on the sum guaranteed. 

265, The contract is called a Policy. The sura 
which the party insured pays to the company is called the 
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266. There are two principal departments of the Insur- 
ance Business ; viz., Fire Insurance^ and Life Insurance. 

1. An insurance company gives me a contract agreeing to 
pay me f the value of my house in the event of its being 
burned during the year ; for which security I pay the com- 
pany |^ on the amount insured. What is the written con- 
tract called ? My house being worth 13000, how much do 
I pay for the insurance ? What is this called ? If my 
house is burned during the time, how much do I receive ? 

The premium is $12^. 

2. What is the annual premium on a policy which 
insures a house worth 112000 for | its value at ^% ? 

Ans.y $50. 

3. My house is worth $6000. I take out a fire insur- 
ance policy for f of its value, paying ^% annual premium. 
At the expiration of 7^ years the house is burned. Wliat 
is my actual loss, reckoning money worth 1%. 

I receive from the insurance company $4000. I have paid 8 
annual premiums of $15 each. On the first I compute 7^ years 
interest 7^, on the second 6 J, on the third SJ, etc., and on the last, 
J year's interest. These amounts are $22,875, $21,825, $20,776, 
$19,725, $18,675, $17,625, $16,575, $15,525, or in aU $153.60. Hence 
my actual loss is $2153.60. Hence I have saved $4000 — $153.60 = 
$3846.40 by insuring. 

4. A life insurance company gives me a contract in 
which they agree to pay my wife $4000 at my death, in 
consideration of my paying them an annual premium of 
d%. What is my annual payment ? Ans.y $120. 

5. What is the annual premium on a life policy for 
$3500 at 2|^? ^W5., $96.25. 

6. A man takes out a life policy in favor of his wife for 
$6000 at 2%. He dies at the end of 5 yr. 3 mo. 15 da. 
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How much more does his wife receive than the amount 
of his payments at compound interest at 1% ? 

There would have been 6 premiumB paid, of $120 each. Had 
these been invested at compound interest at 7%, the first, which 
would have been on interest 5 yr. 3 mo. 15 da, would have amounted 
to $171.74 ; the second, on interest 4 yr. 3 mo, 15 da., would have 
amounted to |160.51, the 3d to $150.01, the 4th to $140.19, the 5th 
to $131.02, and the 6th to $122.45. Hence the entire amount of the 
payments had they been put at interest would have been $875.92. 
Hence the widow has $6000 - $875.92 = $512408 more than she 
would have realized from the investment of the premiums. 

7. A man takes out a life policy in favor of his wife for 
$5000 at 2^%. He carries this till his death, which occurs 
20-J years after he was insured. Does this prove better for 
his wife than an investment of the annual premiums at 
10% simple interest would have been ? 

Ans.y No: she receives $337.50 less. 



TAXES. 

267. A Tax is money required by the government to 
be paid by the people of the country for the support of 
government, or for public enterprises. 

The general theory of taxes is that they are laid upon property, 
and not upon persons. So it is designed that every doUar's worth of 
property shall bear an equal part of the tax to be raised. Appor- 
tioning the tax to be raised, and determining the value of each 
person's property, is called Assessing, 

There are, however, in some of the States, what are called PcU 
Taxes, A poll tax is usually a smaU sum (75 c. or $1) required of 
every male over 21 years of age. 

1. In a certain school district, the entire property of 
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which is valued* at 1125,000, a school -house costing 
$5000 is to be built by public tax. How much is assessed 
on a dollar ? What is Mr. Smith's school-house tax, his 
property being assessed at $3000 ? Mr. Jones's, whose 
property is assessed at $4500 ? Mr. White's, whose prop- 
erty is assessed at $10000 ? 

If $125000 worth of property is taxed $5000, $1 bears tttW of 
the tax. Hence the tax on $1 is ^igggo of a doUar, or 4 cents. 
Mr. Smith's tax would therefore be 3000 times 4 c, or $120, Mr. 
Jones's $180, and Mr. White's $400. 

2. The total State tax of Michigan for 1875 was 
$903,434.50.1 The total valuation of property in the 
State was $630,000,000. What was the State tax on $1 
valuation ? What would a man's State tax be whose 
property was valued at $2000 ? 

Ans.y Tax on $1 about IJ mills; on $2000, $3.00. 

3. In a certain village the taxes were, for State purposes 
1\ mills on $1, for county purposes \ mill on $1, for school 
3 mills, for township purposes 2 mills, for corporation (vil- 
lage expenses) 2 c. What were a man's taxes whose prop- 
erty was listed (put on the tax list by the assessor) at 
$3000 ? One whose property was listed at $600 ? What 
was the school tax of each ? What the village tax ? 

Answers in order, %%1\ $16.20; $9; $1.80; $60; $12. 

4. A certain State Legislature levies -^oi b, mill on a 



* Such evalaation for the purpose of asBessing taxes is UFually made at half or 
less than half the actual value of property. 

t This was for such objects as the support of the State government, providing 
for Interest and payments on the State debt, for the various Sute institutions, 
as the University, Agricultural College, Normal School, State Public School, the 
various asylums and prisons, and for carrying forward the building of the S.tat9 
CapitoL 
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dollar as a tax for a particular interest The valuation 
being 1630,000,000, what will this yield ? Ans^ $31,500. 

5. In a State in which the entire valuation is 
$2,500,000,000, what amount will a tax of .01 of a mill 
on a dollar raise ? 



SECTION V. 



QEJ^EBAL PROBLEMS IJf PER- 
CE J^'T AGE. 

1. Mr. Smith left with merchant Jones 5 doz. pr. gloves 
to be sold at $1.50 per pair, agreeing to allow Mr. Jones 
10^ for selling. What was Mr. Jones's commission (per- 
centage) on 4 doz. which he sold ? How much would he 
pay over to Mr. Smith ? 

268. Commission is a sum allowed for selling or buying prop- 
erty, collecting debts, or doing other similar business. It is usually 
reckoned at a certain % on the amount involved. 

Analysis. — The receipts for the gloves sold were $18 x 4 = $72. 
10% of $72 is .10 of it; hence the commission was .10 of $72, or 
$7.20. Mr. Smith receives $72 - $7.20, or $64.80. 

2. Mr. Smith left with merchant Jones a certain num- 
ber of doz. pr. gloves, to be sold at $1.50 per pair, agreeing 
to allow him 10^ for selHng. On settlement Mr. Jones's 
commission was $12.60. How many dozens were sold? 

Analysis.— If $12.60 is .10 of the amount received, .1 of it is xV 
of $12.60, or $1.26, and 100-hundredths, or the whole amount re- 
ceived, was 100 times $1.26, or $126. Now as 1 doz. was sold lor 
$18, $126 would be the price of 126 -s- 18, or 7 dozens. 

3. $13.86 commission for selling $198 worth of goods is 
what % comgiission ? 
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Analysis. 1% of |198 is $1.98. Hence $13.86 is as many per 
cent of $198 as $1.98 is contained times in $13.86, or 7%. 

4. At what must a merchant sell cloth which cost $4.50 
per yd. to make lb% ? 

6. What % is made by selling calico at 12^^^ c. which cost 
9 c. per yd, f What by selling it at 12 c. ? At 11 c. ? 
At 10 c. ? 

6. Sold flour at $8 per iil., thereby making 10^ on cost. 
What was the cost ? 

Analysis. — As I made 10%, eacli $1 of cost was sold at $1.10. 
Hence what sold for $8 cost as many dollars as $1.10 is contained 
times in $8. 8 -^ 1.10 = 7.27^. Therefore the flour cost $7.27|ft. 

7. By seUing sugar at 10 J c. per lb, I made 6%. What 
did it cost me ? 



8. Principal $576, rate per cent 6, time 2 yr. 3 mo. 
What is the interest ? 

9. Principal $576, interest $77.76, time 2 yr. 3 mo. 
What is the rate per cent ? 

Analysis.— At 1 % for 2 yr. 3 mo. the interest on $576 is $12.96. 
But $77.76 is 6 tunes $12.96, which we learn by dividing $77.76 
by $12.96. Hence, as the principal yields 6 times the interest it 
would Atlfof the rate per cent is 6. 

10. Principal $576, interest $77.76, rate per cent 6, what 
is the time ? 

Ansdysi8.~In 1 yr. at 6% $576 yields $34.56 interest. Hence it 
requires as many years to yield $77.76 as $84.56 is contained times 
in $77.76, i. 6., 2 J years, or 2 yr. 3 mo. 

11. Interest $77.76, % 6, time 2 yr. 3 mo. What is the 
principal ? 

nalyiris. $1 principal yields $0,185 interest in 2 yr. 3 mo. at Q^, 
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Now to yield $77.76 requires as many dollars principal as $0,185 is 
contained times in $77.76, which is 576. Hence the principal is 
$576. 

12. Amount $102,81 at 10^ for 3 yr. 9 mo. 18 da. What 
is the principal ? 

Analysis, $1 principal at 10% for 3| years yields $1.38 amount. 
Now to yield $102.81 requires as many dollars principal as $1.38 is 
contained times in $103.81. 102.81 -*• 1.38 = 74.50. Hence the prin- 
cipal is $74.50. 

269. Note. — The student should not fail to notice that the 
general argument is the same in aU the cases, viz., Find the effect 
produced hy 1 of the thing required, under the given drtmmstanceSy 
and compare this with the given effect. 

13. Amount $102.81, on $74.50 at 10^. What is the 
time? 

The interest is $103.81 — $74.50 = $38.31, the given effect. The 
thing required is time. The interest on the principal, $74.50, for 
1 yr. at 10% , is the effect produced by 1 of this kind. 

14. Amount $102.81, on $74.50 for 3 yr. 9 mo. 18 da. 
What is the rate per cent ? San^e as Ex. 9. 

15. At what per cent will $75 yield $28,125 in 6 yr. 3 
wo. f At what % will it yield $15.30 in 2 yr. f 

16. How long does it take $750 to amount to $942, at 
6^? How long at 5% ? At 3^? 

17. What principal yields $150 at ^% in 7 yr. 2 mo. 
16 da.? In dyr.f In b^yr.f 

18. In order to secure an annual income of $3500, what 
amount must I invest at 4:^% ? At 6^ ? At l[-^% ? 

19. How long does it take $100 to double itself at 6%? 
At 6^? At 7^? At 10^? How long $300? 

20. A man borrowed a sum of money at 15^, and it ran 
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till the amount was 3 times as much as he borrowed. 
How long did it run ? 

21. What^of^isf? 110.50 of $50? 5 of 11? 

22. I made $235 by selling goods at decommission 
What amount did I sell ? 

23. What amount of commission business must I do per 
year to give me an income of $4500, if the commission on 
half the business is 5^, and on the other half 1% ? 

Ans., $75000. 

24. Borrowed $100 at 1%, and it ran till it amounted 
to $182.50. How long did it run ? 

25. At 10^ per annum in what time will Ic, amount to $1? 

26. One class of tJ. S. bonds bore annual interest at 7f\j-^ 
What was the daily interest on a $100 bond of this class ? 

27. Gold to-day is quoted at 113^,* L e., at 13^^ premium. 
What then is a $100 U. S. bank-note worth in gold ? 

^W5., $88.10^+. 

28. When gold is 112, what is a $50 National bank-note 
worth ? What when gold is 110 ? When 100 ? 

29. I have a 4^ U. S. bond which yields me annually 
an amount in gold which at 113^ is equivalent to $22.70 
in National bank notes (called " currency '' at the banks). 
What is the face of the bond ? Ans.^ $500. 

The interest on such a U. S. bond is payable quarterly, but no 
allowance is made for this fact in the above, and the following : 

30. Gold being 112, what amount of currency must I 
invest in U. S. 4^ bonds at 111, to yield me an annual 
income of $4000 in currency? Ans., $99107.14 + . 



^ Tbe meaning of this is tbat it takes $1.13^ of paper carrency to buy $1 goia. 



CHAPTER VI. 



RATIO AND PROPORTION. 



MATIO. 



270. Ratio is the quotient of one number divided by 
another. 

Thus the ratio of 12 to 4 is 12 -*- 4, or 3. The ratio of 5 to 7 is 

5 -i- 7, or f . 

Note. — ^If the numbers are concrete they must be of the same 
kind, since we cannot divide one concrete number by another of a 
different kind. Thus the ratio of $10 to $5 is 2 ; but to ask '* What 
is the ratio of $10 to 5 miles/' is absurd. 

271. The first number named is called the Ante- 
cedent, and the second the Consequent. The two 
together constitute the Terms of the ratio, or a Couplet, 

272. The ratio between two numbers is indicated by 
writing the antecedent before the consequent and the 
colon (:) between them; or by writing the antecedent as 
the numerator of a fraction and the consequent as the 
denominator. 

Thus 8:4 is read " the ratio of 8 to 4 ; " so also f may be read 
" the ratio of 8 to 4," both forms meaning exactly the same thing. 

273. The term Ratio is also applied to such forms as 

6 : 2, |, etc., that is, to the indicated operation of division, 
the sign : being an equivalent of -?-. 

Tlius we speak of the ratio 6 : 2 (not the ratio of 6 : 2), the ratio J 
reading " the ratio 6 to 2," '* the ratio 4 to 5." The ratio <?/ 6 to 2 is 
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8, or the mlue of the ratio 6 : 2 is 3. So the ratio ^ 4 to 5 is j 
(4-fi£ths), or the mlm of the ratio | (read " 4 to 5 ") is 4-fifth8 * 

1. What is the ratio of 15 to 3 ? 8:2? 9:3? 10:2? 
6:7? 4:8? 1:3? 3:1? 7:11? 11:7? 

2. Which is greater, 12:3, or 8 : 4? 6:3, or 9:3? 5:6, 
or7:8? 2:3,or5:4? 10:5,or6:3? 5:8,orl5:24? 
i,or|? A. or I? 

3. Mention several ratios which are each equal to 15 : 3. 
Several which are equal to |. To f . To 3 : 5. 

Principle. 
274. A ratio has all the properties of a common frac- 
tion with the antecedent for its numerator and the conse- 
quent for its denominator. 

4. What effect does it produce on a ratio to multiply the 
antecedent by 2 ? by 3 ? by any number ? Try it on 2 : 4. 
What effect to divide the antecedent by any number ? 
Try it. 

5. What effect does it produce on a ratio to multiply its 
consequent ? To divide its consequent ? Try it. 

6. How do you compare two common fractions to ascer- 
tain which is the greater ? (p. 152). How then do you 
compare two ratios ? 



7. If 24 is the antecedent and 4 the ratio, what is the 
consequent ? 

Having the antecedent and ratio given, how do you find 
the consequent ? 

* This double use of the word ratio has given no little trouble to students. 
That the word is habitually used by mathematicians in both of these ways no 
one at all conversant with mathematical writing can doubt. Thus when we ask 
" What is the ratio of 12 to 4 ? " all answer " 8; " and aH with equal unanimity 
speak of the ratio a : b-^** the ratio a to b.** 
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8. If 3 is the consequent and 7 the ratio, what is the 
antecedent? K4:5 is the consequent and the ratio ■}? 

9. If 7 is the antecedent, what is the consequent when 
the ratio is -J ? When it is f? When it is 6? 

10. If 28 is the antecedent, what is the consequent when 
the ratio is 7? When it is 4? When it is 14? When it 
is I? When it is ^? 

11. Antecedent 10, ratio 2, what is the consequent ? 
Antecedent 27, ratio 9 ? 3? i? 



JPROJPOBTION. 



m 

275. Proportion is an equality of ratios, the terms 
of the ratios being expressed. The equality is indicated 
by the ordinary sign of equality (=), or by the double 
colon (: : ). 

Thus 8 : 4 = 13 : 6, or 8 : 4 : : 12 : 6 is a proportion. It is read 
" 8 is to 4 as 12 is to 6." The expression | = -^ may be read in the 
same way, and means the same thing. 

276. Two ratios, at least, are required for a proportion; 
hence we have two antecedents and two consequents. Of 
four terms which constitute a proportion, the 1st and 4th 
are called Extremes, and the 2d. and 3d Means. 

1. Is 15 : 3 : : 10 : 2 a true proportion ? What is the 
ratio of 15 to 3 ? What of 10 to 2 ? Are they equal ? 

2. Show which of the following are true proportions : 



1. 20 : 5 : : 8 : 2 

2. 2 : 12 : : 5 : 30 

3. 5 : 35 : : 8 : 64 

4. 2 : 3 : : 14 : 21 

5. 7 : 11 : : 35 : 55 

6. 8 : 3 : : 16 : 9 



7. 10 : 7 : : 20 : 14 

8. 3 : 7 : : 12 : 26 

9. 13 : 27 : : 117 : 243 

10. 2^ : 5 : : 3^ : 6f 

11. 1.05 : 8.4 : : 1 : 8 

12. .05 : 7 : : .3 : 42 
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3. K the first 3 terms of a proportion are 18 : 6 : : 21 
what is the 4th term ? 

The ratio of 18 to 6 is 3 ; hence the 4th term must be ^ of 21, so 
that the ratios may be equaL Is 18 : 6 : : 21 : 7 a true proportion ? 
Why? 

4. Find the 4th term of 7 : 3 : : 5 : -^ 

What is the ratio of 7 : 3 ? Then if 5 is the antecedent and I 
the ratio, what is the consequent ? Aris,, A^ or 2^. Is 7 : 3 : : 5 : 2^ 
a true proportion ? Why ? 

6. Find the lacking term of 12 : — : : 8 : 6. 

Which ratio is given ? What is the ratio of 8 : 6 ? If 12 is the 
antecedent and | the ratio, what is the consequent ? 

6. Find the lacking term of 13 : 7 : : — : 11. 

We have the ratio of 13 : 7, ^. Hence the lacking term is 
11 X Ji^, or J^A = 20f. 

7. Find the lacking term of — : 43 : : 5 : 17. 

The ^ven ratio is JV- Hence we have 43 x ^ = ^ = 12]^. Is 
12ij:43:;5:17true? 

Principle. 

277* The product of the means of a proportion is equal 
to the product of the extremes. 

This is evident, since the 1st mean is the 1st extreme dimded by 
the ratio, and the 2d mean is the 2d extreme muUiplied by the ratio. 

Hence the product of the means is ^ ^^^^ — x 2d Extreme x Ratio. 

In this the Ratio cancels and leaves the product of the Extremes. 

8. Find by means of this principle the lacking term in 
13 : 5 : : 12 : — . 

The two means being given, we know their product, 60. But this 
is also the product of the extremes. Now if 60 is the product of 
the extremes and 13 is one of the extremes, the other is fj, or 4^. 
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9. In like manner find the lacking term in each of the 
following, giving the explanation : 



1. 2 : 7 : : 5 : — 

2. — : 4 : : 11 : 6 

3. 5 : 12 : : — : 8 

4. 34 : — : : 17 : 16 
6. 131 : 47:: 1.5: — 
6. 12^ : 6| : : 8 : — 



7. 23.05 : 4.5 : : 7.1 : 

8. 1.05 : 342 : : 100 : 

9. 42 : 6 : : — : 30 

10. f : I : : I : — 

11. 112 : 16 : : 49 : — 

12. 11| : 2| : : 4 : — 



MULE OF THREE. 

278. The Rule of Three is an old term applied to 
the method of solving problems in which Three Terms of 
a proportion are given and the fourth is to be found. 

1. If 8 yards of a certain kind of cloth cost $35, how 
much will 42 yards of the same cloth cost ? 

It is evident that the same ratio exists between the cost of the two 
quantities, as between the quantities, since the price per yard is the 
same. Hence the ratio of 8 yd. to 42 yd. is the same as the ratio of 
the cost of 8 yd.y $35, is to the cost of 42 yd. Stated as a proportion 
this is 8 ^d : 42 yd. : : $35 : the cost of 42 yd. 

We have therefore to find the 4th term of the proportion 

8 : 42 : : 35 : — . This is ^^JLAl = $183.75. Hence 42 yd. wiU 
cost $183.75. 

2. If it require 12 bbl of flour per year for a family of 
10, how many barrels will it require for a family of 6 ? 

The proportion is 10 : 6 : : 12 : — . Hence we have ^ ^^^ — ^h 

Let the pupil give the reasons : 1st, for the statement of the propor- 
tion ; 2d, for the method of finding the 4th term. 

3. If 14 cords of wood cost $98, what will 32 cords cost ? 

Ans.^ $224. 
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Note* — In each questions there are always 3 quantities given, and 
two of these a/re of the same kind. Now it is neoessarj that we 
determine from the nature of the case, whether the same ratio (rela- 
tion) exists between the other two, one of which is not given, as 
exists between the two which are given. Not every problem in 
which three terms are given and a 4th required can be solved in 
this way. 

4. If 12 acres yield 384 hu. of wheat, what will 36 acres 
yield at the same rate ? 

What are the two quantities of the same kind ? Does the same 
relation (ratio) exist between the quantities of wheat produced as 
between the quantities of land? 

5. If the interest on $350 at a certain rate and for a 
certain time is $65, what is the interest on $700, for the 
same time and rate ? 

Will twice as great a principal give twice as much interest at the 
same rate and for the same time ? What are the two like terms ? 
Are they not all alike ? They are all doUa/rs. 

6. If $100 principal amounts to $122.50 for a certain 
rate and time, what principal does it require to amount to 
$422.62^ for the same rate and time ? 

Amount. Amount. Principal. Principal. 

$122.50 : $422.62J : ; $100 : ^~^ (= $845). 

Note. — This is the question in True Discount 

7. What is the present worth of a note $422.62^, due 
2 yr, 3 mo. hence, without interest, money being worth 

10^? 

Same as Ex. 6. $100 rum amounts to $122.50 at the given rate 
and time. Hence the question is, " How much now will it take to 
amount to $422.62]^ in the given time at the given rate. 

8. What is the present worth of a note which amounts 
to $350, 1 yr. 6 mo, 15 da, hence, money being worth 7^ ? 
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Find the amount of any mm for the given time and rate ($100 is 
convenient). Then state and work the proportion. 

9. What is the present worth of $725.50, due in 6 yr. 
at 8^? ^ws., $490.17 -. 

10. What is the present worth of $2000, due in 3 yr, 
6 mo.y interest at 7^? Ans.y $1606.43. 

All the examples in the preceding section can he solved hy pro- 
portion, and should he reviewed and solved in this way. 

11. A bankrupt paid 43 cents on every dollar of his 
debts. How much did he pay on a debt of $569.31 ? 

12. A difference of 15° in longitude, makes an hour's 
difference in time. What is the difference in time be- 
tween Boston, which is 71° 4' 20'' W. long., and Washing- 
ton, which is 77° 1' 30'' W. long. ? 

Alls,, 23 min. 48f sec. 

13. Murray's Cough Mixture is composed of 

Paregoric • . • 3iv, 
Sulphuric Ether . 3 ij, 
Tine. Tolu . . . 3 ij. 
How much paregoric in a dose of 1 teaspoonful (i. e. 3 j) ? 

14. Eeece's Chirayta PiUs are composed of 

Carbonate of Soda . 3j, 

Ginger gr, xy, 

Extract of Chirayta . 3ij. 
This amount makes 36 pills, of which 2 is a dose. How 
much Chirayta in a dose ? 

15. Allowing a person to perform a certain journey in 
13^ days, by traveling 10 hours a day, in what time ought 
he to perform the journey if he trayel 11^^ hours per day ? 

Ans., 12 days. 



CHAPTER VIL 



POWERS AND ROOTS. 



BOWERS. 



279. A Power is the product arisiBg from multiply- 
ing a number by itself a certain number of times. 

Thus 3x3x3 = 27; and 27 is called the 3d power of 3. 5x5 
= 25 ; and 25 is the 2d power of 5. So f x { x f = /^ ; and /y is the 
8d power of f The 2d power of .4 is .16, Of 1.2 is 1.44. 

280. The Square of a number is its 2d power; and 
the Cube of a number is its 3d power. The number 
itself is called the first power, or the Root. 

1. What is the square of 4 ? Of 7 ? Of ^ ? Of 2^? 
Of .35 ? The cube of 2 ? Of 10 ? Of 6 ? Of If ? 

2. Write the squares and cubes of the 9 digits, and 
commit them to memory thoroughly. 

281. A Whole Number written at the right and a little 
above another number indicates the power of that num- 
ber. It is one form of what is called an Exponent. 

Thus4» = 4 X 4,orl6. 28 = 2 x 2 x 2, or 8. 3*=3x 3x3x3, 
or 81. .3» = .00243. 1.1* = 1.331. 

3. What is the 4th power of 6 ? Of 10 ? Of 1.5 ? 
Ofi? Of .2? Of 9? Off? Of2f? Of 1.07? 

4. What is the value of these expressions: 2.1^? 12^? 
7*? (1)2? .0512? .018? i.oia? 2462? 10»? 100*? 
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5. How many figures in the square of 1 ? Of 10 ? Of 
100? Of 1000? Of 9? Of 99? Of 999? Of 458? 

Principle I. 

282. The square of any number contains twice as many 
figures as the number itself^ or 1 less than ttvice as many. 

Principle II. 

283. The cube of any number contains three times as 
many figures as the number itself, or i, or 2, less. Try it. 

6. What is the least number that can be represented by 
2 figures ? How many figures in its square ? In its cube ? 
What is the greatest number that can be represented by 
2 figures ? How many figures in its square ? In its cube ? 

In this way show the truth of the two preceding principles. 

7. In what order or orders does the square of units fall ? 
The square of tens ? Of hundreds ? Of thousands ? 

The square of units will either occupy units place or units and 
tens places. So the square of tens (as of 10, or 90) will fall in hun- 
dreds order, or in hundreds and thousands orders. The square of 
hundreds falls either in ten-thousands order, or in ten-thousands and 
hundred-thousands orders. 

8. Show as above in what orders the cube of any order, 
as of tens, hundreds, or thousands, falls ? 

Principle III. 

284. 1. By separating a number into periods by placing 
a point over the unitb, and then one over each alternate 
figure therefrom^ we mark the periods in which the 
SQUAEES of the successive orders of the root fall. 

2. By separating a number into periods by placing a 
point over the units figure, and then one over each Sd 
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figure therefrom^ we mark the periods in which the cubes 
of the successive orders of the root fall. 

The number of periods indicates the number of figures 
in the corresponding root^ if the number is an exact 
power, or in the highest exact power in it, if it is not. 

Thus the 9quare root of 5873246 has 4 figures, and the square of 
the highest order in the root is in 5. So the cube root of 48265432 has 
8 figures in it, and the cube of the highest order in the root is in 48. 



Principle IV. 

286. The square of any number made up of tens and 
units is the square of the tens, + ttidce the product of the 
tens by the units, + the square of the units. 

Let us show this by squaring 68. Multiplying 68 

in the ordinary way, only writing each product ?§ 

by itself, we see at once that the square of 68 a x^^jg ^ o'Z. 43 

iB(6tens)«+2(6tensx8)+8« = 4624 8x6tens=48 

But it is necessary to prove this truth in a ' ®^®' ~— — 
more general way, as it is the foundation of the 
very important Rule for the Square Root, which we are soon to 
learn. 

For this purpose, instead of using 8 for the units and 6 for the 
tens of the number we wish to square, 

let ti stand for any number of units, 
and t for any number of tens. 

Then as 68 is 6 tens + 8 units, our number will now be repre. 
sented thus, t -{■ u. 

We will now square t + U, observing, first, 
that tu means the same ast x u, and that 2tu 
means twice tu. We multiply first by u, say- 
ing " u times u is n'^, and u times t is tu" 
Hence t + u multiplied by u \b tu + u* (see 





+ 


t -hU 

t + u 


«» 


tU-{-U* 

tu 


p 


+ 


fUu + u'' 
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58). So t times t ■{■ u ib P ^- tu. Adding these partial products 
(as in common multiplication), we have P + 2tu + u^. Which 
corresponds with the principle. 

9, Find the square of 56 according to Principle III. 
Of 87. Of 243. Of 3469. 

87« = (8 tens)* + 2 (8 tens 6< 7) + (T) = 6400 + 1120 + 49 = 7569 
We may regard 243 as 24 tens and 3 units, and thus have 243^ = 
(24 tens)« + 2 (24 tens x 3) + 3^ Pupil complete the work. 

8469 may be regarded as 346 tens and 9 units, etc 



MOOTS. 



286. A Boot is one of the equal factors into which a 
number is conceived to be resolved. The Square Root of 
a number is one of two equal factors into which the num- 
ber is conceived to.be resolved. The Cube Root is one of 
three equal factors. 

287. The Radical or Root Sign is V"~. When writ- 
ten thus V25, it indicates that the square root of 25 is to 
be taken ; that is, that 25 is to be resolved into 2 equal 
factors, and one of them taken. To indicate the cube root, 
8 is written in the sign. Thus Vl25 means the cube root 
of 125. It is 5. 

Vo is 3, hecause 8 is one of the 2 equal factors which compose 9. 
Vm is 7, because 7x7 x7 = 343. 

1. What is the square root of 16 ? Of 36 ? Of 144 ? 
0181? Of 49? Ofl? Of 4? Of 9? Of25? Of 121? 
Of 100 ? Tell why in each case. 

2. What is v^? v^? \/l? \/vm? \/6i7 

^125? v^343? \^m? V^IOOO? ^^216? 

288. Finding the root of a number is called Extracting 

the Root. 

13 
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To Extract the Square Root. 
1. Extract the square root of 4624. 

Operation. 

(«+M)«= ^+ %tu + w« = 4624 (68 = e + II. 

t* = 36 



2e = 12 
u= 8 

2^ + w = 128 



1024 = %tu + w« = (2 « + w) u.* 
1024 = (2e + u) u. 



Szplanation. — By pointing off we find that the root will consist 
of two figures, a tens and a units, and that the square of the tens 
figure is in 46 (284). Hence, as 36 is the greatest square in 46, 6 
is the tens figure of the root. Letting t + u represent the root, we 
have {t + u)* = «« + 2tu + u* = 4624. 

But knowing t to be 6 (tens), we subtract its square from 4624, 
and have 2tu + u^ = (2t + n) u = 1024 remaining. 

Now, as tt is small with reference to 2f, wema7,/<w a trial, put 
{2t) X Uy or (12 tens) x u = 1024. Hence 1024 -i- 12 (tens) will give 
the units figure o| the root, approximately, at least. (In this case it 
gives it exactly.) Now completing the divisor by adding the units 
figure, we find the True Divisor to be 128. This multiplied by 8 
gives 1024. Hence 68 is the exact square root of 4624 

2-6. Extract the square root of each of the following : 
6776, 6889, 1225, 784, 529. 



General Rule for Extracting the Square Root. 

289. /. Separate the numter into periods ly placing a 
point over the units figure, and another over each alternate 
figure to the left {and also to the right, if decimals occur 
in the number). Write as the highest order in the root 
the root of the greatest square contained in the left-hand 
period, and subtract its square from that period, 

• This means 2£ + t« mnltiplled by i«, which makes 2tM + n«. 
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//. To tliB remainder annex the secofid period, and divide 
the tens of the number thus formed by ttvice the first root 
figure, placing the result in the root, and also at the right 
of the Trial Divisor. Multiply the True Divisor by the 
neio root figure, subtract the product from the dividend, 
and annex the third period to the remainder, 

III, Double the root figures already found for a new 
trial divisor, and proceed as before until all the periods 
are brought down. 

When any trial divisor is not contained in the tens of the divi- 
dend, place a zero in the root, and also at the right of the divisor, 
and bring down the next period. 

If any figure obtained for the root proves too large, diminish it 
by 1 and repeat the work. 

Approximate roots may be obtained by annexing decimal periods 
of two zeros each. Decimal periods must always be full, since the 
square of any decimal has an even number of figures. Why ? 

7-12. Extract the square root of each of the following : 
2209, 361, 9216, 2601, 4900. 

13-20. Also of the following: 120409, 74529, 412164, 
123201, 6718464, 2125764, 966289. 

Operation. — When there are more tjhan two figures in the root. 



74529 { 273 
4 


2125764 ( 1458 
1 


47)345 
329 


24 ) 112 
96 


543)1629 
1629 


285 ) 1657 
1425 




• 29^)23264 
23264 



21-28. Find the square root of 78564, 43, 7856.42, 
87.512, 2, 8.476, .4, 23.5. (See next page.) 



a92 POWERS Aim ROOTS. 

875i20 (9.354+ 2 (1.4142+ .40 (.632+ 

81 1 36 

183)651 24)100 123)400 

549 96 369 



1865 ) 10220 281 ) 400 1262 ) 3100 

9315 281 2524 

18704)90500 2824)11900 576 

74816 11296 

15684 2^82)60400 

Note, — ^The same explanation which has been given when the 
root consists of two figures, can be readily extended to any number. 
Thus in the 1st example solved under 13-20, the square of the first 
two figures 27 (tens) falls in orders from hundreds upward. We 
may therefore proceed to find these two figures exactly as if we 
were extracting the root of 745. Having found these, we may take 
them as tens, and consider the root as made up of 27 (tens) and 
some number of units, etc. 



To Extract the Cube Root. 

As a basis for extractibg the cube root we need to prove 
the following 

Principle. 

290. The cube of any mimher made up of tens and 
units is the cube of the tens,-}- 3 times the square of the 
tens multiplied by the units, + 3 tiines the tens multiplied 
by the square of the units, + the cube of the units. 

Demonstration. — Let the number we propose to cube be repre- 
sented by * + w, as in (286). Now the 
square of f + w is .... e« + 2«u+M« 

Multiplying this by * + «^, we have the 

cube. i^u + 2tu^ + u^ 

The multiplication is explamed thus: i^+2Pu+ Ul^ 

multiplying by u, we have u^ multiplied t* + Wu + %tu^ + «*' 
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i)y u, which makes le', just as 2 squared (2*) multiplied by 2 makes 
2 cubed (2"). 2tu multiplied by u makes 2tu^, for 2iu iB2xtxu, 
and putting in another factor of u, we have 2x txuxu, or 2tu\ 
In like manner the other terms are multiplied. In adding the par- 
tial products, we notice that 2 times tu* and 1 time tu* make 3 times 
tu^, or Htu^. So 2 times Pu^ and 1 time Pu make dt^u. Finally, 
we observe that this result, <* + 3**u + Ztu* + «**, agrees with our 
principle. 

1. Extract the cube root of 262144. 

Operation. 

(«+«^)»=«»+3««w+3«tt»+ w» = 262144 ( 64 = «+M. 

«» = 216 



3«*= 10800 

dtu = 720 

w»= 16 



3«'+3e»+w» = 11536 



46144 = 3Pu + dUi^ + w», or 

(3e*+3«tt+«*)w* 

46144 = (3«« + Stu + w«) M, or 

3e«M+8ew«+w». 

SzplanatJon. — By pointing off (284) we find that the root will 
consist of 2 figures, a tens and a units, and that the cube of the tens 
figure is in 262. Hence, as 216 is the greatest cube in 262, 6 is the 
tens figure of the root. 

Letting t ■¥ u represent the root, we have (f + w) « = f* + 8f*u + 
3eu» + w8 = 262144. 

But, knowing f to be 6 (tens), we subtract its cube from 262144, 
and have SPu + 3< w^ + M» = (SP + 3tu ^u^)u = 46144 remaining. 

Now, as i£ is small with reference to 3P, we may, for a trial, put 
(SP) xu = 262144, and as we know t this becomes 10800 x u^ 
262144. Hence u is, approximately, 262144 -4- 10800. 

We thus find that the units figure is probably 4. Now com- 
pleting the divisor by adding to it 3^*, i. e,, 3 times the product of 
the root already found (remembering that it is tens) by the units, 
and the square of the units, we find that the True Divisor, fiP + Sfu 
+ u'^, is 11586. This multiplied by 4 gives 46144. Hence 64 is the 
exact cube root of 262144. 

* This means 3«* +8«f* + 1*" mnltiplied by n, wbicb makes 8«"n +8«t«« +u*. 
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29 1 • Note. — Let the pupil write the rule. He must tell, 

1. How to point off. 

2. Sow to find the first figure in the root. 

3. Wh^ to do with thi8fi>gure of the root. 
4 How to form the Trial Divisor. 

5. Sow to find the probable neoet figure of the root. 

6. Sow to complete the dixiaor and form the True Divisor, 
Finally, the reason for each step should be given. 

2 to 5. Extract the cube root of 54872 ; of 41063625 ; 
of 354894912; of 3416.53. 



2700 

720 

64 


54872(38 
27 

27872 
27872 


2700 

360 

16 

3076 

846800" 
5100 
25 


41068625(345 

27 

14063 


8484 


12804 






1759626 




851925 

300 

150 

25 

475 
6750000 
27000 
216 


1759625 


* 14700 


354894912 ( 708 
343 

11894912 
11894912 


8416.530 (15.00 
1 

2416 


1470000 

16800 

64 


2375 


1486864 


41530000 




6777216 


40663296 



866704 

6 to 13. Extract the cube root of the following. 
157464; 74088 ; 571787 ; 15625 ; 2744: 1124864; 2571353; 
651714363. 



* As thia is not contained in 11894^ we write in the I'oot and bring down the 
next periodt 
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14 to 22. Extract the cube root of 34285.7; 34.3472; 5; 
48; 2; .4932; .8; .343; .27; Hf ; M; i¥^; W 

Note. — The root of a common fraction may be extracted by ex- 
tracting the root of the numerator and denominator separately, or 
by reducing it to a decimal and then extracting the root. 



Applications. 

1. What is the area in acres of a square field 35 rods on 
a side ? 

2. What is the leiigth of a side of a square field con- 
taining 40 acres ? 100 acres ? 10 acres ? 20 acres ? 



20 acres = 3200 square rods. V3200 = ? 

3. If a square orchard contains 2916 trees, how many 
are in a row on each side ? , 

4. A man has a rectangular hoard 128 in. long and 32 in. 
wide, from which he makes a square table as large as pos- 
sible; required its length, no allowance being made for 
sa^wing. Ans., 64 in. 

6. What would it cost to enclose a square lot, containing 
160 acres, with a fence costing at the rate of $4 per rod ? 

Ans.y $2560. 

Note. — The areas of plane figures of the same shape (similar), 
are in the same ratio as the squares of their like sides, or lines. 

6. There are two fields of the same shape (similar) ; one 
is 10 rods on a certain side, and the other is 15 rods on the 
corresponding side. What is the ratio of their areas ? 

^m. As 100: 225, or 4:9 

7. Two circles have their diameters respectively 6 and 
§, What is the ratio pf their j|,reas ? dns.y 9:16, 
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8. What is the radius * of a circle whose area is 2 acres? 
50 sq. ftJ 1 sq. mi. ? (See 201). 

292. A Triangle is a figure with only 3 aides : when one of 
its angles is a right angle, it is called a Bight 
Angled TiHangle, If you make a right-angled 
triangle whose Base, AB« is 6. and whose Pw- 
pendictUaTy CB, is 8, and then measure the 
Hypotenuse, AC, you will find the latter to be 
just 10. Now, notice that 6« + 8* = 10«, and 
in Geometry this is found true of all right- 
angled triangles ; viz.. The Square of the hy- 
potentLse equals the sum of the squares of the other sides. 

9. If the base and perpendicular of a right-angled 
triangle are respectively 14 and 24, what is the hypote- 
nuse ? If the hypotenuse and perpendicular are respect- 
ively 35 and 18, what is the base? If the base and 
hypotenuse are respectively 12 and 20, what is the perpen- 
dicular ? 

For the last, 30» = 400, and 12» = 144. Thus 400 - 144 = 256, 
and -^^56 = 16. The other answers are 27.78 +, and 30.01 +. 

10. What must be the length of a brace to run from 
corner to comer of a gate 4: ft. high and 10 ft. long? 

Ans.y 10 ft. 9J in. very nearly. 

11. What is the distance from one corner on the floor 
of a room to the diagonally opposite comer in the ceiling, 
the room being IS ft. by 20 ft., and 12 ft. high ? 

Ans., 29 ft. 5 J in. +. 



12. What are the contents in cubic feet of a cubical box 
Sft, on each edge ? How many bushels does it contain ? 

* DiBtance from the center to the circumference, i. e, jf the diameter. 
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13. What is the edge of a cube whose contents are 
612 cu. fU f What of one whose contents are 215040 
cu. in. t 

V215040 = 59.9 +, or within .01 of an inch of 5 ft. 
Having the edge of a cube given, how are the contents found? 
Then, having the contents given, how is an edge found ¥ 

14. How large a cube does it take for a cord f 

Ans.y 5.04 ft. on an edge, very nearly. 

15. How large must a cubical bin be to hold 100 bu. of 
wheat ? What is the difference in volume between a cord 
and an hundred bushels ? 

Note, — Similar Solids, i. e. those of the same shape, have their 
volumes in the ratio of the cubes of their corresponding dimensions,* 
or edges. 

16. I have two boxes, one is 8 inches long, 4 inches 
deep, and 5 inches wide ; and the other, 16 inches long, 8 
inches deep, and 10 inches wide. Are they similar? 
What is the ratio of their contents ? 

Afiswer. They are ; and their contents are as 1 : 8, i. e. 
the second contains 8 times as much as the first. 

17. If a ball 1 foot in diameter weighs 100 lb., what is 
the weight of one 3 feet in diameter, made of the same 
material ? Ans.y 1 Ton and 700 lb. 

18. What must be the depth of a cubical vat to contain 
100 barrels ? 

19. A horse is tied by a rope to a stake in a meadow. 
The rope being attached to his head, how long must it be 
so that he can graze over an acre. Ans., 208.7 /if. +. 

* That is, their corresponding lines,— in cabes their edges, in spheres their 
radii, or diameters. 



CHAPTER VIII. 

UNCLASSIFIED EXAMPLES. 



1. What cost 3 piles of 4 foot wood, one 6S ft long and 
5 ft. high, another 70 ft long and 6^ ft high, and the 
other 66 ft long and 6 ft high, at S5.50 per cord^ 

2. At 11.25 per gallon what cost 1 bbl, 15 gal. 3 qt, of 
molasses? 2 bbl. 12 gal. 2 qt. Ipt.? 

3. A ladder SO ft in length was found to reach just to 
the eaves of a building when its foot was 12 ft. from 
the foundation. What was the height of the building? 

4. I bought 2 horses for $420, paying 148 more for one 
than for the other. What was the price of each ? 

5. What per cent of 5J is i? i? 1 ? 1|? 1|? 11 ? 

6. Two bodies start together to move around the same 
circle in the same direction ; one goes 5 times aix)und while 
the other goes 7. How often will they be together? 
When will they be together at the point of starting ? 

7. I have a note for 1300 given July 24, 1872, bearing 
S% interest, and due October 13, 1876. On the note is 
endorsed 1110, April 5, 1874. What is the value of the 
note May 20, 1875, money being worth 10^ at this date ? 

8. What must be the depth of a cylindrical cistern 
whose diameter is 6 ft, that it may contain 60 bbl 9 
100 bbl 9 

9. The scale of the common thermometer (Fahrenheit) 
is divided into 180° between the freezing point (32°) and 
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the boiling point (212°). The Centigrade scale is divided 
into 100% from freezing (0°) to boiling (100°). What is 
the relative length of the degrees ? 

10. Show that 68° R = 20° 0. ; 85° R = 29^° 0. ; 30° 0. 
= 86° R; -23° R {%. e. 23° below 0) =-30^° C. 

11. The diameter of the moon being to that of the earth 
as 3 : 11, what is the relation between their volumes ? 

12. What is the diameter of a grindstone when it is \ 
worn away, its original diameter having been %ft ? What 
when I worn ? When ^ worn ? When \*^ J ? 

13. A merchant bought goods at 25^ below their nom- 
inal price, and sold them at 20^ above, thereby making 
$1920. How much did he invest ? Ans., 13200. 

14. K quantity of flour lasts a man and wife 9 days, and 
the wife alone 27 days ; how long would it last the man 
alone ? 

15. If a ball of thread is 4 inches in diameter, what will 
be the diameter in each of three conditions — when J, i, 
and J of it are wound off? 

Ans., 3.634 + ; 3.175 - ; 2.52- inches. 

16. What part of the thread will be left, when the 
diameter is reduced to 2 inches? Ans,, J. 

17. A agreed to labor for 82.50 on condition that he 
should forfeit 50 c. every day he was idle. At the end of 
100 days he received 8190. How many days was he idle ? 

18. The bank is discounting at 12^. I wish $500 for 
60 days. For what must I draw the note (exact interest) ? 

Ans., $510.57. 

19. In a mixture of gold and silver consisting of 100 oz. 
there are 6 oz. of silver ; how much gold must be added 
that there may be f oz, of silver to 10 oz, of gold ? 

An8,i 56 oz. 
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20. How many yards of carpeting J yd, wide, must I 
buy to carpet a room 20 by 25 feet, the strips running 
lengthwise of the room and there being 4 in. waste on 
each strip in matching ? Ans.^ 87 yd. 

21. When Gen. Tom Thumb (Chas, S. Stratton) was 
6 years old he measured 2 ft. in height, and weighed 16 lb. 
What would be the weight of a man of similar form who 
was 6 ft. tall ? A718., 432 lb. 

22. The amount of A's money for 7 yr. at 10^ is $244 
more than its amount for 6 yr. at %% ; required A's money. 

23. The eaves of a house are at the same height and 30 
feet apart. The ridge pole is 12 feet higher than the 
eaves, and just midway between them. The house is 40 
feet long. How many shingles will it take to cover the 
roof, if each shingle covers a space 6 inches long and 4 
inches broad ? Ans., 9J M. within 5 shingles. 

24. I bought 25000 feet of board at 12.25 per thousand, 
and sold ^ of them for what f of the whole cost. What 
per cent did I gain on the part sold ? Ans., 33^%. 

25. A man bought a bar of gold at $192 pr. lb. and 
sold it for $16 pr. oz.y weighing it in both cases by avoir- 
dupois weight. How much did he gain, the true weight 
of the bar being 5 pounds ? Did he gain, or lose, by sell- 
ing by avoirdupois instead of troy? Ans., $263.31 +. 



26. What are the dimensions of a rectangular granary 
whose width and height are each f of its length, and which 
will contain 1500 bushels of wheat ? 

A7is.y 10.766 ft. wide; 10.756 /if. high ; 16.134/;?. long. 

27. Eequired the difference between the simple interest 
and compound interest of $800 for 16 yr. 8 mo., at 7%, 
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28. Eequired the time .of day, provided the time past 
noon equals f of the time to midnight. 

Ans,y 48 min. past 4, p. m. 

29. What is VT? 'V^? VLM? 'v/^? V^7? 

30. K a 2 in. pipe will ISU a cistern in 6 hours, how long 
will it take a 3 in. pipe to fill it, the water flowing at the 
same velocity ? Ans., 2f hr, 

31. Bought a $500 10^ note, due 6 mo, fix)m the time I 
bought it, which was 2 yr, 8 mo, from its date. I paid 
$580 for the note but had to borrow $400 at bank for 
' ^/s 3 ^' at %% a month. How much did I make, allowing 
money to be worth ^% ? 

-4ns., $26.34 at the maturity of the note. 

Amount of note at maturity $633.33 +. Amount of $180 for 
6 mo., at 7^ , $186.30. Bank note $409. Amount of this for 4 mo. 
27(?a. at %, $420.69. 

32. The amount of B's money for 8 yr, at 6^ is $5100 
more than the interest of his money for 10 yr, at 8^ ; 
required B's money. Ans.^ $7500. 

33. In the tomb of one of the Incas, £150000 in gold 
was found. What was the weight of the whole, estimating 
the average fineness of the gold at 18 carats,* £1 sterhng 
containing 113.0001 grains of pure gold ? 

Ans.yl T. 1228 ZJ. ^oz,-\-. 

34. Gold is quoted to^ay (Feb. 17, 1875) at 116. What 
will an English book for which I have to pay £1 2s. M, 
gold, cost me in our paper currency ? Ans.^ $6.35. 

35. With gold at 115 what will a bill of German books 
amounting to 25 marks including duty, cost me in our 
paper currency ? Ans.y $6.84. 



* A carat is ^. 18 carats fine is \\ gold, or | gold and \ alloy. 
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36. French exchange being 117, what will it cost me in 
our paper currency to pay 1000^^. i^ Pajis. 

Ans.y $225.81. 

37. A wishes to draw $1000 from a bank for 60 days; 
for what sum must he give his note, discounting at 10^ ? 

Ans.y $1017.56. 

38. If I buy U. S. bonds bearing b% interest in gold 
and pay $120 in currency for $100 in bonds, what per 
cent in currency shall I reaUze on my investment, gold 
being worth 115-J ? Am.y 4^%. 

39. A holds a note for $500 dated May 10, 1873, and 
bearing 7% annual interest, the principal payable in 5 
equal annual installments. September 18, 1875, B pro- 
poses to buy the note (all previous payments having been 
made as agreed), and pay such a sum for it as will aUow 
him 10^ per annum on his money. What must B pay for 
the note ? (No grace.) Ans.^ $296.20. 

The note yields $121 7 mo. 22 da. after the purchase; $114 1 yr. 
7 mo. 22 da. after ; and $107 2 yr. 7 mo. 22 da. after. The present 
worths of these sums for the respective times at 10 fo are $113.674+ , 
$97. 901 + , and $84,622 + . 

40. K I buy bonds for 85 cents on a dollar which pay 
d% semi-annual interest on their face, what per cent per 
annum does this give me on my investment, money being 
worth 10^ ? Ans,, 7^%. 

41. The ratio of the circumference of a circle to its 
diameter being 3.1416, how many revolutions in a minute 
does a 6 foot drive-wheel of an engine make when the 
engine is running at the rate of 30 mi. an hour ? 

Ans., A little more than 2^ times a second. 
4?. Cleveland; 0., is in longitude 81° 47' W.^ and Bos- 
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ton in 71° 4' 9" W. When it is 5 A. m. at Boston what 
time is it at Cleveland. Ans,, 4 o^clock, 17 min, 8 sec. + . 

43. What per cent is made by buying stocks at lb% 
below par (their nominal yalue), and selUng at 10% above ? 

Ans,, 29-^%, 

44. What per cent is lost by buying bonds at 8% premium 
and selling them at 5% discount? Ans,, 12%, 

45. If a man 5^ feet high weighs 121 Z5., what should be 
the weight of a man of similar proportions 6 feet high ? 

46. Bought a piece of cloth containing 36 yd., at $2^ 
per yard, and sold \ of it at what the whole cost me, and 
the remainder at $3 per yard. What per cent did I make ? 

47. What does it cost to excavate a cellar 20 ft, by 18ft, 
and 5 ft. deep, at 15 c. per cubic yard ? 

48. What is the difference in longitude l)etween two 
places whose difference in time is 52 min, 18 sec. f 

49. A and B together can do a piece of work in 6 days, 
but B alone requires 10 days to do it. In what time can 
A do it alone ? Ans., 15 days. 

60. Three men. A, B, and 0, agree to do a certain piece 
of work. A and B can do the work in 6f days; B and 
in 12 days ; and A and in 10 days, flow long will it 
take each separately to do it ? 

Subtract what A and C can do in a day from the sum of what A 
and B, and B and C can do in a day, and the remainder, ^, is twice 
what B can do in a day. Ans., A 12 days, B 15, and C 60. 

51. What are the dimensions of a rectangular box con- 
taining 3000 cubic feet, the dimensions being to each 
other as 2, 3, and 4 ? Ans., 10, 15, and 20 feet. 

52. Divide 88 into 2 parts which shall be to each other 
as 4 : 7. Into 3 which shall be as 2 : 3 : 4. 

53. Divide 56 into 2 parts so that the less part shall bQ 

to 56 as 3 : 7. 
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54. Is f increased, or diminished, by adding 4 to each 
tenn? How much? f? ^? 

55. Two houses are built on exactly the same ground- 
plan for both stories; the stories are of the same height; 
and in all other respects the houses are exactly alike, 
except that the corresponding ground measurements are 
as 2 to 3. If the material for the small house cost 13000, 
what was the cost of that of the larger ? Ans^y $6750. 

56. The sun's diameter being 852,573 mt., and the 
earth's radius 3962 mL, how many times as large as the 
earth is the sun ? 

57. A 6^ note for $346.36 was dated March 26, 1863 ; 
and had endorsements, July 20, 1863, $54.75; April 8, 
1864, $10; Sept 26, 1864^ $5.50; Jan. 6, 1865, $150.46. 
What was due Not. 2, 1865. Ans^ $166. 18. 

58. On a note for $340, bearing 10^ annual interest, the 
interest was paid one year, and $20 on the next year's 
interest After this no more interest was paid. What was 
the amount of the note 3 yr. 8 mo. lb da. from date, allow- 
ing simple interest on accrued interest ? - 

59. January 1, 1872, the Grerman Beichstag passed a 
a new coinage act making the Mark the unit of the cur- 
rency of the Empire, and enacting that ^ An imperial gold 
coin will be struck, of which 139^ pieces will contain a 
pound (1.1025 lb. Av.) of fine gold, and the tenth part of 
this gold coin will be named a Mark.*' Now the standard 
U. S. gold dollar weighs 25. 8 ^r., and is 900 parts in 1000 
pure gold. On this basis justify the value of the Mark 
as given by the Director of the XJ. S. mint, 23.8 cents. 

60. French Coin is of the same fineness as our own. A 
franc — either silver or gold — is 19.3 cents. Our gold dollar 
weighs 25.8 gr., and our silver dollar 420 ffr. What should 
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be the weight of a silver franc in grams (1 gram = 15.434 
grains) ? What of a gold 10 franc piece ? 

The Metric or Decimal System of Weights and Measures. 

[Note. — This scheme, first adopted by France, has now come to 
be adopted by most civilized nations, although generally only per- 
missively, as a system legally recognized, but which may be used 
by the people, or not, as they see fit. Nevertheless, all nations, 
except the French (and they to a considerable extent), continue to 
use their various and older systems. It is, however, coming to be 
pretty generally accepted for scientific and philosophical purposes.] 

293. The metric system can be readily learned if the 
student will first fix in mind a definite conception of 

The Units. 

The Meter (mee'-ter) is the unit of Length, and is the 
basis from which all the rest are deduced. 

A Meter = 39.37 incJies. 
The Liter {Jtee'4er) is the unit of Measures of Capacity. 

. . __ j 1.0667 Liquid Quarts, or 
AI.iter-| ^^^g Dry Quarts. 

The Oram is the unit of weight. 

A Qram = 16.432 grains. 

1. To which of our common measures is a meter nearest 
equal? How many meters in a rod? What is the length 
of a 12/^. board expressed in meters ? Express the dimen- 
sions of a room 20 /jf. by 24 /iJ. in meters. 

2. To what common measure is a liter nearly equal ? 
How many liters in a gallon ? In a barrel of 31|^ gallons ? 
How many does a common pail (2|^ gal) hold ? 

3. How many liters in a peck ? In a half bushel ? 

4 How many grams in an ounce Avoirdupois ? In an 
ounce Troy ? In a scruple ? In a dram ? In } lb. of 
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sugar ? In a pennyweight of gold ? How many grams 
does a silver half-dollar weigh ? A gold dollar ? 

Subdivisions and Multiples of the Units, 

294. These units are divided and subdivided into lOths, 
lOOths, and lOOOths, and multiplied by 10, IOC, 1000, and 
10,000, to make the other denominations ; hence the sys- 
tem is a Decimal System, 

The names of the denominations lower than the unit 
are formed by prefixing the Latin syllables Deci * (^), 
Centi (t^), and Milli (luV^), to the name of the unit. 

The names of the denominations higher than the unit 
are formed in like manner by prefixing the Greek sylla- 
bles Deca (dek'-a) (10), Hecto (100), Kilo (1000), Myria 
(10,000) to the name of the unit. 

1. How many inches in a decimeter {^ of a meter) ? 
In a centimeter (yf^ of a meter) ? In a millimeter ? 

2. How many feet in a decameter (10 metres) ? How 
many rods in a hectometer (100 metres)? Show that a 
kilometer is about -J of a mile. What is a myriameter ? 

3. The denominations of measures of capacity are cen- 
tiliters, deciliters, liters, decaliters, and hectoliters. How 
does a hectoliter compare with a barrel? How with a 
bushel ? How many gallons in a decaliter ? How do 5 
centiliters compare with a hquid pint? 

4. The denominations of weight are milligrams, centi- 
grams, decigrams, grams, decagrams, hectograms, and kilo- 
grams. How many Avoirdupois pounds in 7 kilograms ? 
How many Troy ounces in a hectogram? What is the 



♦ These prefixes, and the names of the denominations formed by their upc, 
are all accented on the first. Thus decM-me-ter, hec'-to-me-ter, myi-'-i-a-me-ter, 
dec'-a-li-ter, cen'-tl-gram, mil'-U-gram, etc. 
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weight in milligrams of a 3 oz, gold watch-case? How 
many kilograms in 100 Ih. of coffee ? 

Very small distances are expressed in millimeters and decimals, 
as 6 3""". Ordinary distances are expressed in meters and decimals, 
as 10.25"*. Great distances are expressed in kilometers, as 27.5^"*. 

For sucli quantities of liquids or dry substances as we usually 
designate by the pint, quart, or gallon, the liter is used, as 7.5' , 15' , 
J' , etc. ; but for larger quantities the hectoliter is used, as 8.2''^, 
10.5'>i. etc. 

For very small weights, as for jewellers' and apothecaries* pur- 
poses, the quantities are expressed in milligrams, or grama ; for the 
ordinary purposes of the grocery the kilogram (called kUo) is used. 
For great weights, as for hay, iron, etc., the tonneau, or metric ton, 
is used. This is 1000 kilograms, or 2,204^6 lbs,, and hence is a near 
equivalent of the long ton. 

Square and cubic meters, decimetres, and centimeters are used. 

In measurinj^ the Are (air) = 100 square meters, is used as the 
unit. A hectare = 2.471 acres. Prove it. 

In measuring wood the Stere (stair) — a cubic meter, is made the 
unit. A stere = .2759 cords, and a decastere = 2.759 cords. What 
is the value of a decisteref 

1. Express 20 acres in hectares. 36 sq. yd. in ares. 

2. Express 40 rods in meters. 5 miles in kilometers, 
y^^ of an inch in millimeters. 

3. Express 10 lb. Av. in kilos (kilograms). Express 20 
grains in grams. 17 pennyweights in milligrams. 2 oz. 
Troy in grams. 12 tons in metric tons. 

4. Express 10 cords in stores. How many decasteres in 
100 cords ? 

6. Sugar at 12i^ c. per pound is how many francs per 
kilo? 

6. Wood at 10^ a stere is how many dollars a cord ? 

7. Cloth at 5^ a meter is how many dollars a yard ? 

8. Land at 8^*p- a hectare is how many dollars an acre ? 
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Value of Foreig^n Coins in U. S. Money (gold) as proclaimed 
by the Secretary of the Treasury January z, 1875. 



Country. 



Argentine Republic. . . 

Austria 

Belgium 

Bolivia 

Brazil 

Bogota 

Canada 

Central America 

CTiili 

Cuba 

Denmark 

Ecuador 

Egypt 

France 

Great Britain 

Greece 

German Empire 

Hayti 

India 

Italy 

Japan 

Liberia 

Mexico 

Netherlands 

Norway 

Paraguay 

Peru 

Porto Rico 

Portugal 

Russia 

Sandwich Islands .... 

Spain 

Sweden 

Switzerland 

Tripoli 

Tunis *. 

Turkey 

U. S. of Colombia 

Uruguay 



Unit. 



Mbtal. 



Peso fuerte 

Florin 

Franc 

Dollar 

Milreis of 1,000 reis 

Peso 

Dollar 

Dollar 

Peso 

Peso 

Crown 

Dollar 

Pound of 100 piasters. . . . 

Franc 

Pound sterling 

Drachma 

Mark 

Dollar 

Rupee of 16 annas 

Lira 

Yen 

Dollar 

Dollar 

Florin 

Crown 

Peso 

Dollar 

Peso 

Milreis of tOOoVeis! ! ! \ ! \ 

Rouble of 100 copecks.. . . 

Dollar 

Peseta of 100 centimes. . . 

Crown 

Franc 

Mahbub of 20 piasters. . . 

Piaster of 16 caroubs 

Piaster 

Peso 

Patacon 



G 

k^ • •• • • • 

G.&S. 
G.&S. 

G 

G 

G 

O* • • • • • 

G 

G 

G 

v^*« • • • • 

G 

G.&S. 
G... 
G.&S. 
G... 

^?«* • • • 
^•* • • « 

G.&S. 
G 

G 

S 

wf.. .... 

s 

G 

G 

S 

G..... 
G 

•9. ..... 

G 

G.&S. 

G 

G.&S. 

0« • • • • • 
0«« • • • « 

G 

(9.. . • . . 

G..... 



U. S. 



$100 

.453 
.19,3 
.96,5 
.54,5 
.91,3 
1.00 

.913 
.91,3 
.93,5 
.36,8 
.91,8 

4.97,4 
.19,3 

4.86,6^ 
.19.3 
.38,8 
.95,3 
.43,6 
.19,3 
.99.7 

1.00 
.99,8 
.38,5 
.36,8 

1.00 
.91,8 
.92,5 

1.08.4 
.73,4 

1.00 
.19,3 
.26,8 
.19,3 
.83,9 
.11,8 
.04,3 
.91,8 
.94,9 
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Pa^es 39-40. 1. 2353. 2. 24371. 3, 292587. 4- 68998a 
6. 1084474 G, 3618913. 7. 9901906. 8. 1245441. 9, 969754. 
10. 1284567890. 11. 200000. 12. 111010. 13. 412524. i^. 26072. 
i5. 207996. i(5. 8696260. 17.4177075. i5. 710891. iS>. 100185371743. 

Pages 41-44. 7. 188. 8. 287. 5. 21. i^. 38. 15. 296. 
i6?. 175. i7. 284, .106, 46, 115. 18. 163. 19. 88967, 1880. ;^^. 
101500. ^5. 16624, 31000, 7334, 40290, 47624. 26, 4020. ;^^. 148, 
48. 29. 2927. 

Page 54. /. 207861, 80796. ;?. 173054, 40286. 3. 72217, 
44531. 4. 441189, 9217. 5. 67058, 1600. 6. 18816, 548217. 7. 
48383,7251. 5.9454,1. 5.42942. m 224087. ii. 329463, 769247. 
12. 14551, 64712. 13. 94944, 294. U. 997, 9792. i5. 5188, 8023. 

Pages 55-59. 3. 88. 6. 2235. 7. 642. 8. 1116. 9. 2825. 
76?. 2530. 11. 1900. i4. 8992. 15. 284. i6?. 85. i^. 1714. 
20. 1116942. 21. 88. 22. Lost, 22c. :^.?. 41. 2^. 111. ;?5. 33. 
;?6. Gain $50. 27. Gained $96. 28. $6. ;?5. 43, 48. 32. 4, 9. 
55. 601. 36. 830. 57. 785. >^. 275. 4^. 1618. -^7. 2747. 48. 492. 

Pages 70-72. 5. 366, 482, 246, 484, 642. 8. 2934. 5. 2268. 
m 40135. ii. 2292. i^. 2a504. i5. 59822. i4. 4518. i5. 1230125. 
16. 4101632. 17. 4536. i5. 9738. 19. 20200. ;^^. 219138. 2U 
21416. ^5. 8827101. 

Page 75. 2. 11730. 5. 6084. 8. 17963. i5. 981480. i7. 
11457760. iS>. 39077316. j?^. 333055302665. m 2634951466554888. 

Page 77. 4. 424480000. 6. 394240000. 6. 1759200. 7. 
22404000000. 

Pages 78-82. 4- Last two. 2048, 27424. 5. 7700. 6. 896, 
4736. 12. 727776. id 57.75, 68.25, 26.25. U. 34.56. i5. 168, 
672, 720, 744. 16. 1440. 19. 4.80. ^4. 10800. 25. 14688. ^"5. 11.31. 
>^. 90, 138, 276. 
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(To give the answers to problems designed to teach the opera- 
tion of division is to destroy the value of the exercise. Hence such 
are omitted.) 

Pages 100-114. 7. 182. 9, 13. 12. 1.50. 18. 26, 50. 
28. 468. 29. 290.50. 31. 48, 2. 33. 2, 16. 39. 48. 40. 465.50. 
41. 68. 4^. 8. 45. Last, 832f . 47. Last, 11 fj. 55. 5826. 56. 539. 
57. 784. 5^. 95. 59. 8600. 6(?. 86. 

Page 125. 7-18. \, f , ^, }, f, J, f, }, J, i, J, J. 32-39. tJ, 

Pasre 126. ISSl. 66^. 66^. 9H. '7^, 2704/^, 8|S/i, 
6HH, 181, 8i, »8H. 

Page 127. io. V. V. V. ¥. W. 4M*. H^^A^- 

Page 128. i/-^«. ^. V, ifi, w. W. ^. *4*. •*¥*. MP. 

Pages 131, 132. 19. 2400. m 120. si. 180. :@^. 252. 
;?A 60. S4. 280. ^5. 2730. ^6. 120. j?7. 1560. ^.S. 714. S9. 
4180. 50. 2520. 

Page 133. 7. Hf, Hf, 4tf . «. tfi. *f«. iff- »• Iff. Hf . 

1%. io- -Mr. *. tVV. ■?^. -wft. -rfk. ^.fifir- i^. ei, Av. m- 
13. m, M». H«. m- u. Hf. fB- ^5. am. mu- i^- liHr. 

Page 134. 2. i|, A- -5. H» fi, t*. ^. %%^ f*. f«. IJ- 

^. ifiF* A. IS- ^- A' *i «• ^- A. A- ^. WV. xk. ^. M J, ff«» 

»A» llJJ' ■'^' 49T» TTK* f 9B» TFK' -'''• A» A' ■'*• 6 ' f > f • -^ *• Aiy» 

if«, m -^-^ n^> m> H*. ^5. A\r, T^ftr, Av> m i^. i i> t 

Pages 137, 138. 45. lOH- 4<?. 24i|. 4^. 18}. 4^. 561. 
5;?. BJ. 54. lOf, 7f. 57. 46lHf- 58. H- ^^. Itt- 6^- 7i{. ^^. 
8A. 6^. 285JM- 

Page 139. 5. 4|fi = 92^. e. ^- 30f 7. H^ = 67. 
^. Afi = 126^. 9. } = If i^. ¥ = 6{. ii. W = 30W. ^^. 

4jt«* = iieim. -?4. ¥ = 3*. i^- V = 3f. m. V = I4i. 

i7. V = '^'i- -^*- ¥ = H- 1^' -V = 6f . ^6/. 4^ = 63|. 21. 
^ = 21 J. 22. ^^. 2fy. 260i. ;?5. 1647^- ^6- 12J. 27. 32. 
;?5. 24309J. 29. 2904^^. 30. 35f . 5/. 21J. 32. 60768. ^.?. 14 
34. 63. ^5. 132. 

Page 143. 28. H- ^9. A- ^0. f 5i. 122|. 5;^. 500. 
33. 16. 54. 156H. S5. 152. 5(?. 6. 57. m^. 38. ^VV ^^• 

3H4H. 



ANSWERS. 311 

Pa^e 145. 4^^L A, 3A* lOJ, ^, ♦, *, *, *, J. 55. 

h 1, 1, 108. 

Pa^re 146. ui5. A, H. A> A> A. «{, A, xAfc. ih^ A, 

f * A» sisoe* TTSf illhct' 

Page 148. iS-^i. 20|. Hf , iJ, 4821, 86, 53J, IJI, *, *, ♦, 

*, *. 3^*A. *, *> yAVif. 

Page 149. ^.^-.^. 8H, aW. 2if, U, 9, ^-tf^. jf, 5^^, 12, 
16, *, *. 

Page 150. 9-18, 2, i, ti. A, A, tWt. irtir* 13fc lOfti. 4. 

Pages 151-165. 9. *, *, *, *, *, a, A- ^^. *. f , h 

{. ii. *, If, 2if . IS. *, *, f , A. i-^ i, h h h 15, 5280, i, J, 

i, f , A> *• -?7. if, f , A, Ai. A, », H. i^. *. *, A. 1^' 

A, A- ^0: A, J, A- ^3. 36. ^^. 90, 63. 25. 8, 64. ;?7. 8, 40, 15. 
15, 39, 50. 28. 308. 30. 2, 22, 27, 10, 2. ,^5. 2^. 39, 24, 13, 40, 
15. 40, 153f, 25, 1 JJ. 4^. IJ, 6t. 44. 42. .^. 20^- 4<5. 20, 7J, 
47. 26. 53. 2, 2J, 3, 2t. 5^. $2.21^ in my favor. 56, 5f lbs. 
57. I loBt 85f<J. 59. 36}. 60. 2^, $1.18}. (?^. $30.25. 66, llj, 
20, 52, I, 38Jf. 68. Lost $1453}. 7^. 30, 34f, 54A. T'i. 15, 40. 
72. 9 P. M. 73. 8 P. M. 7-^. 2, 4, 6, 2, 4, 6, 210, 150. 76. 100, 60. 
76. 11 P.M., 320. 81. lOA- 89. $500. 5a 50 wi. 5i. The second, 
i.^^ acres. 5^. }. 93. 132 by 66. 5^6. 40. 97. Increased. 98. 
Diminislied. 100. 125, 73 ; 206, 89. 103. A, $32}, B, $24}. 

Page 171. 2. .15, .019, .0006, .024, .500, .000039, .100, .40, 
.0000010, .a52, .00008, .800, .71, .000091, .0017, .2845, ,316. 
3. 69.903. 5-19. 5.000263, 980.004, 2.000000085, 200.0074, 8200.032, 
.00452, 65.521, 82.000000065, 763020.000108, .007529, .00475, 45.0375, 
3755226000.000543, 3.1416, 927364500.0002568. 20. 406.17, 300.5, 
1.027, 57.000802, 1002.0001804, 7.0005, 6.0007. 

Page 174. 19-36. 13.4375, 40.9375, .285714+, 13.555555 + , 

567567 + , 12.666666 + , 1.833333 + , 3.2, 10.04, 128.272727 f, 

13.416666+, .444444 + , .555555 + , .090909 + , .181818 + , .272727 + , 

.617777 + , .010101 + , .020202 + . .030303 + , 7.846154 + , 73.882352 + . 

Page 176. 1-24. i, A. h h h h 33f , lOA, 2f , ^J^, ,^, 
lA. 1A» 1t*^* 1.A> H. A» 3}, 3A, 15{, 15}, 16}, 1}. 

Page 177. 2-6. 2224.9083, 1516.002, 1674.986, $1083.395 

Pages 178, 179. 6-20. 921.9^4, 677.584, 47.454, .997, 
4.558. 44.744, 7.76, .4663, 37.666, 9.9, .999, .86, 4.51, *, $211.09, 
24.05. 
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Pa«res 179, 180. I-IL *, 32.9, $10.26, *, 12. 12 J, *, 
I owed $2.32, 21.25, 82, n\yd., $6089.25. 

Page 181. 6-10, 3808.08108, .0964908, .0004234, 25892.44, 
9.716, .0560056. 

Page 182. 5^22, 270.8335, .0014661, *, 309.973775, 29.16, 
.007001, .00085, 164.5, .01472, 564, 15, 7.90, 109.202016, 380.0125, 
35.19516, .88, 20.25, 13.778944. 

Pages 184, 185. 16-64. 5.2, 10.831, 293, $4500, .0234, 
.025, .6123 + , 3.971,17.82 + , .7854, $0.016742, 4.86425, .001579, .07, 
.005, .782, $5.40, .056, .0056, .00008, 3000000, .08, .0005, 4.7, .205^$, 
.0004713!^, .04229 + , 100. 

Pages 186-191. (5. 12.2 Ar. + . 7. 20 m 12, $7.18. 13. 
$15.49. 15, $489,834. 16. $197,041. 17, $13000. 19. $41.56 + . 
20. $294.50. 21. $11.72-. 22. $78.83. 23. $9.92. 24. $11^. 
26. 1725. 26. $58.1^. 27, $15500. 28. $7.50. 29. $803-. 30. 
22Jc. 31. 9Jc 32. To pay freight. 33. $84. 37^. 35. $5600. 
36. It will cost $32.50 more by raU. 37. 15c.—. 38. $186.60. 
39. $1071.04. 

Page 194. l. 24c. + , 2c. + , \e. + , $1.22-, $5.11-. 
2. $27.25+. 4. $2.55 + , $1.42-. 

Page 195. 6. $193000, $4.90-, $3.04-, $49.91-, $386, 
2849^.74. 

Page 196. 4- $3.28-, 15 c.-, $2.74+, $1.18-, $5.77-, 
5. 420.17 marks-. 6. 105 + . 7. 4.20 + . 

Page 206. 10. *, 8.4. 2. 120^. 3. 3. 4- 16f . 

Pages 207-209. l. 5. 4- ^J. 6. 14if. 7. 43f, 32if, 
21J; 37i 28i, 18}; 31}, 23^^, lof ; 50, 37^, 25. 11. 1173J. 
12, $28.89-. 13, $10.01 + . 

Pages 211, 212. 4. 64, 16. 5. 2492.2 + , 27.19-. 6. 
103144.5, 3274.4+. 16. About f (more exactly f^), 37.2 + . 

Page 215. 5. 53J. 7. 440.811 + . 10. %pwt. 11. $65. 
14. $5.04, $2.40, $3.34, 2 c. 

Pages 220-223. 1. 8 a.m., 1 p.m. 4. 7i°. 5. 52i°, 37V . 
7. 12 m. 42,5 sec., 5 Ar. 12 m. 42.5 «ec. p. m., 7 Ar. 47 w. 17.5 sec. p. m. 
5. 90° 15' 15". 10. 2' 45\ 12. 10 Ar. 22 w 8 «ec. P. m. 13. 31 w. 
msec. 14.52.2 + . 25. 189.375 mi., 252.5 w«., 378.75 mi., 170.4375 
mi. ie. It will be 19 m. slow, 87° 43'. 

Pages 228, 229. 57. 30^., 42|/a#A. 55. 3710 ^d 59. 
l^mi. 60. 1760 yd, 220 yd. 61. IS^rd., -g%rd. 62. i A. 63 
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18150 sq. yd., ^^ A. 66. 511 cu. ft, i"^ cd. 67, 2%^^ cu.yd. 68, *, 
AV erf. 69. 458 qt. 79. 41 6W. 20 gal. 1 g^. Op*. ^(?. 6288 i?*. 

Pages 234, 235. 3. £4: 4s. 2d. 5, iMyu.2pk.2qt. 6. 2pk, 
7 qt. Ipt, 16. 268 A. 115 sq. rd, 18, 20 gal. 2 qt. 1 pt. 19. 3 oz. 
SO. 2 in. 

Page 236. 4- 21 yr. 8 wo. 19 cZa. 5, 19 yr. 4 m<?. 21 da. 
6. 254 yr. mo. 27 da. 7. 1 yr. 2 mo. 10 da. 

Page 238. 5. 90 gal. 1 pt., 1287 ^r^^. 2 g*. 6. 6 K>. 2 02. ^pwt, 
51 ». 19i?MJ*. 12 gr. 8. 552 m. 20 rd. 14 ft., 1086 wi 237 rd. 9 ft. 6 m. 
^. 1921 da. 6 Ar. 46 min. 40 «€c. i^. 459° 10' 30'', 61 "^ 13' 24", 132'^ 
39' 2", 102° 2' 20". 11, 14 ». 5 ix 3 j 3j, 44 ». 1 uj 3 iv, 88 «&. g vij. 

Page 240. 5. 5 ». 12f «8. 6. 5 vij 3 ij ^r. 6f . 7. 2 A. 
10 «g. rrf., 122f gq. rd., 1 A. 93^ sq. rd, 12. 1 yd. 1ft: 2 in, 14. 
63, 4.6 + . 

Pages 241, 242. 4. 2.13, 14, 15, 20, 25, 50, 75, $3, $5, 

). 5. 7, 8, 9, 10, 11, 12, 13, 14, 15, 25, 50. 7. 11.26, 28, 30, 40, 
50, $12, $14, $16, $18, $20, $30, $40, $50. 8. 15, 16, 18, 20, 30, 40, 
50 ; 45, 47, 49, 50, 60, 70, 80, 90, $1 ; 8, 9, 11, 13, 15, 25. 10. 32, 33, 
34, 35, 36, 37, 38, 39, 40, 50, $1, $1.50, $2 ; 37, 38, 39, 40, 50, $1, 
$1.50, $2 ; 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, $1. 

Pages 242-244. 2. $7, $2. 624. S, $11.66|, $8.75, $17.50, 
$7. 4. $16.50, $22.50, $18.75, $16.87^, $18. 5. Sib., 24^6., *. 
6. Sib., *, 15 lb. 7. $48, $31.50, $65. 8, *, $85, $281.25. 9. 
$1.06|; $1.20, $1.50. 10. $5, $14, $2, $27.50. 12. $45. 17. 
$3.11}. 18. $256.66|, $1054.66|, $1415.55f. 19. $1.89, $1.76}, 
$1.11, $2.50. 20, $1.80}, $1.21f, $1.39. 21. $1231.25, $651.25. 

Pages 247-249. 22-30. $0,105, $21, $9.80, 8 c., $9, ic, 
Sim., $9,625, $12.50. 33. $1417.50, $381.70, $5.20. $132.50 
34. 434, 266. 35. $81,396, $1,596. 36. $825. 37. $5785. 39. 
$4.40, $4.50, $5, $5.20, $4.60. 4.80. 40. .0648, .060375, .0606, 
.0615, .0603, .06105, .063, .0627. 

Pages 250-252. 12. 25, 15, 17H. 50, 10. 13. 20, 80, 100. 
20. 25, 75. 23. 100, 20, 10. 24. 25, 12^, 6}, 37|. 

Page 258. 5. $4.29. 6. 5.11. 7. $118.40. 8, $1.46, $21.97. 
9. $14.16, $45.04. 10. $400, $705.54. 13. $130.76, $98.03, $10725. 

Page 261. 6. $134.98, $78.22, $61 02. 7. $53.22. 8. $99.51. 
9. $57.47. 

Page 266. 6. $172.46. 

Page 270. 9. $4038.46. 10. $76.05. 12. $49.12. 
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Pai^e 271. 15. $3.02. $1.58, $6.37, $2.26. 
Pagre 275. 5. $25000. 

Pages 276-278. 4- $5. 17 J. 5. 38J, 33^, 22f, llj. 7.10c. 
8. $77.76. ic?. Syr. 9 mo, IS da, U. 10%. i5. 10^%. 16. ^yr, 
%mo,^ da., 5 yr. 1 mo. IS da., 8 yr. 6 ww. 12 da. 17. $520.23, $1260, 
$681.82. 18. $77777.78-, $58333.33 + , $47945.21-. 19. 20 yr., 
16|, 14?, 10, The same. 21. 133J, 21, 45^^. 22. $4700. 2^. 11 yr. 
^nw.lSda. 25. mQyT. 26.2c. ^«9. $44.64, $45.45, $50. 

P4ige 283. 1-12. 17 J, 7i, 3i, 32, .538 + , 4^, 1.38 +, 
32571.43-, 210, }, 7, HJ- 

Padres 284, 285. 4- 1152 bu. 5. $130. 8. $315.91. ii. 
$244.80. IS. i teaspoonful ( 3 i). U- Hffr. 

Pages 295-297. 1. 7fi u4. ;^. 80 rd, 126.49?^. + , 40 r<i., 
56 56 rd. + . ^.54. 5. 1 80.54 rd. 12. 512 ct^./15., 51f 15. 59.9 + m. 
on an edge, 3 (m. ft. 960 eu. in., or 2.9 ftu. + . 18. 7 ft. 5.7 in. + . 

Pages 298-305. 1. $183.05. 2. $59.06i, $94.53+. .?. 
27.49/IJ.+ . 4- $186, $234. 5. 6^, 9^, 18y\, 25^\, 25, 200. 6. Ev- 
ery time the 2d goes 3|, and the 1st 2^ times around ; after the first 
has gone 5 times, and the 2d 7 times around. 7. $243.30—. 8. 
Sft. 11.23 in., Uft. 10.7 in. + . 9. 6:9. 11. 27 : 1331. 12. 1.633-, 
1.154 + , 1.414 + , 1.732 + , 1. U. IS^da. 17. 20da. 22. $1109.09. 
27. $738.61 + . 29. .316 + , .928, 1.2, .158+, 1.91 + . 4^. l^lj^lb, 
47. $10. 4^. 13 4i'. 52. 32, 56 ; 19f , 29^, 391. 53. 24, 32. 54^ In- 
creased, j%; decreased, 3^; neither. 56. 1245550.9 + . 58. $392.80. 
60. 5.25 grams + , 3.22 grams + . 

Pages 305, 306. 1. yd., 5 + , 3.6+, 6.096+ by 7.3-. 
2. qt, 3.78, 119 + , 9.45 + . S. 8.8 + , 17.6+. 4- 28.3 + , 31 + , 
1.3-, 3.9-, 113 + , 1.55 + , 13.6 + , 1.67 + . 

Pages 306,307. i. 3.93+, .39, .039 + . 2. 32.8+. 20-, *, 
about 6J?«t. 3. .84-, 2.83, 2.641, .10567. 4- 15.432. 3.3-, 
93312 + , 45.36 + . 

Page 307. i. 8.093 +, .3. ;^. 200+, 8 + , 7.5 + . 3. 4.536 ■ 
1.296 + . 26438.4 + , 62 + , 10.88 + . 4- 36.2, 362 + . 5. 1.4o- 
6. $7—. 7. $0.88 + . 8. $12.50. 
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FBOF. EEETSLS' NEW FBENCE SEBIES. 

The Oral Method with the French. By Prof. Jean 
GuBTAYB Eeetels, Author of " Keetelfl' New Method with tho 
French." In three parts, 12mo, doth, each 75 cents. 

[7%e ttudent is saved the expense of a Uvrge hook in eommendng 
the study] 

The Oral Method of Teaching Uving languages Is superior to all others in 
many respect?. 

It teaches the papil to speak the language he is learning, and he begins to do 
BO fW>m the first lesson. 

He never becomes tired of the book, because he feels that, with, moderate 
efforts, he is making constant and rapid progress. 

The lessons are arranged so as to bnne in one difficulty at a time. Ther are 
adapted to class purposes, and suitable for laige or small classes, and for 
scholars of all ages. 

The teacher, with this book in his hand, is never at a loss to profitably 
entertain his pupils, without rendering their task irksome. 

In fine, the Oral Method works charmingly in a class. Teachers Mid pupils 
are equally pleased with it ; the latter all learn— the quick and the dull— each in 
proportion to his ability and application. It is our opinion that before long 
the Oral Method will find its way into, every school where French is taught 

**I find that pupils understand and improve more rapidly under the Oral 
Method of Keetels^ instruction than any other heretofore used."— A. Tatlob, 
MmiDOOd aeminary^ Glenn's Fails^ JV. Jr. 

A Neio Method of Learning the French Ltanguage. 

By Jean Qustavb Eeetels, Professor of French and German 
in the Brooklyn Polytechnic Institute. 12mo. Price $1.75. 

A Key to tlie above. By J. G. Ejbbtels. Price 60 cents. 

This work contains a clear and methodical exposi of the principles of the 
language, on a plan entirely new. The arrangement is admirable. The les- 
sons are of a suitable length, and within the comprehension of all classes of 
students. The exercises are various, and well adapted to the purpose for 
which they are intended, of reading, writing, and speaking the language. Tho 
Grammar part is complete, and accompanied by questions and exercises on 
every subject. Tho book possesses many attractions for the teacher and stu- 
dent, and is destined to become a popular school-book. It has already been 
introduced into many of the principal schools and colleges in tho country. 



Peissner's German Grammai^^ 

A Comparative English- Gej*man Orainmar^ based on 
the affinity of the two languages. By Prof. EuAS Peissker, 
late of the University of Munich, and of Union College, Sche- 
nectady. New edition, revised. 816 pages. Price $1.75. 
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The Science of Government in Connexion 
American JnatituHons, Bj Jobei^ Aldeh, D.D., LL' 

Free, of State NormBJBchool.Albanj. 1 voL 12iiia Ptico $1.5^ 
Adapted to Iht wants of Hl{# School* and Collegea. 

Alden's dtixen's Manual: a Teilr-Book on Qovemment, in 
Connection with American Institations, adapted to the 
Common Schools. It is in the form of questions and 
B7 JoBEnl AUiOS, D.D., T.T.n x vol. 16mo. Price SO cts, 

Bereafter no American can be nld to be tdwalft wbn doea not tfaonia^lT 
nndanUnd tbs formMlon of oar Ooiemmenl. A promlaeDt dlvLoe bas said, 
tbat " everr Tonng penon riiould carefnUT and canitcieiitionBlT be taneht [hoea 
dUtlnctlva IdeaaiihlcheonBtitiiUtbeinbBlance of our Const! tntlon. and wbicli 
detsimlna the pollcj of onr poUtlcB ; and tu tbis end there onght forthwltb to 
be intrednced Into onr Kchoola a aimple, compTebeDgLve luaniS^ wbareb; Uie 
needed lidtioa Bboold be implanted at tbat eail; period. 

ScJitnUz's Manual of Ancient HisUn-y; ttooi the Be- 
motest Times to the Overthrow of the Western Empire, A. d. 
4TS, with oopiooB Chronological Tables and Index, B7 Dr. 
Leohhakd ScHurrz, T. E. E &, Edinburgh. Price f 1.79. 

Tlie Elementa of Intellectual Philosophy. By Fbahcu 
Watlamd, D.D. 1 Tol. 13mo. Price |1.7S. 

This cIcarlT-n'Tltten hook, ft-omtbe pen of a scholar of eminent abUlI;, and 
vho haa bad the largest experience In the education of the bmuan mind, 
Is nnqnestlonablj at ue beadof teit-boiAB In Intellectnal PbUoeoph;. 

.fin Outline of the Necessary Lawa of Thought: 

A Treatise on Pure and Applied Logic. By Wn,LiiM Thow- 
SOW, D.D., Provost of the Queen's College, Oxford. 1 vol. 12mo. 
Cloth. Price $1.75. 



Fairchild^ Moral Philosophy; or, TIic Science of 
Obligation. Bt J. E FArocnjUis, Preadent of Oberlin 
, College. 1 vol. 12mo. Price $1.50, 

The aim of tnis volume is to set forth, more fnllT than b38 hitherto been 

done, the doctrine that virtne, In lla elementary form, oonslsti In banavo- 

'-nce, and that all fornls of vlrlaoDS actios are modillcatlonB of this principle. 

Alter prenenting this vlenofobllestion, the author takes np the qneetlons of 

■actical Ethics, Oovemment and Pemonal Itlehls and DntleB, -"-" '— •- 

em In their relation to Bt ' '— ' ■ '-" ' "■" 

right uid vronu upon this 




Jnv 1^ Ua about tmU bv moU, a)ttpaid, on mxipt ef pHM. 
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